JW8Rec f dPCT/PTC t \ jut 2001 

DESCRIPTION 

DISPLAY DEVICE AND METHOD OF DRIVING THE SAME 

5 Technical Field 

The present invention relates to a display device for 
selectively discharging a plurality of discharge cells to 
display an image and a method of driving the same. 

10 Background Art 

Plasma display devices using PDPs (Plasma Display 
Panels) have the advantage that thinning and larger screens 
are possible. In the plasma display devices, images are 
displayed by utilizing light emission in cases where 

15 discharge cells composing pixels are discharged. 

Fig. 46 is a diagram for explaining a method of driving 
discharge cells in an AC- type PDP. As shown in Fig. 46, the 
surfaces of electrodes 301 and 302 opposite to each other are 
respectively covered with dielectric layers 303 and 304 in 

20 the discharge cell in the AC- type PDP. 

As shown in Fig. 46 (a), when a voltage lower than a 
discharge start voltage is applied between the electrodes 301 
and 302, no discharges are induced. As shown in Fig. 46 (b), 
when a voltage in a pulse shape (a write pulse) higher than 

25 the discharge start voltage is applied between the electrodes 
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301 and 302, discharges are induced. When the discharges are 
induced, negative charges are stored on a wall surface of the 
dielectric layer 303 after moving toward the electrode 301, 
and positive charges are stored on a wall surface of the 
5 dielectric layer 304 after moving toward the electrode 302. 
The charges stored on the wall surface of the dielectric layer 
303 or 304 will be referred to as "wall charges". Further, 
a voltage induced by the wall charges will be referred to as 
a "wall voltage" . 

10 As shown in Fig. 46 (c) , the negative wall charges are 

stored on the wall surface of the dielectric layer 303, and 
the positive wall charges are stored on the wall surface of 
the dielectric layer 304. In this case, the polarity of the 
wall voltage is opposite to the polarity of an externally 

15 applied voltage. Accordingly, an effective voltage in a 
discharge space is lowered as the discharges progress, so 
that the discharges are automatically stopped. 

As shown in Fig. 46 (d), when the polarity of the 
externally applied voltage is reversed, the polarity of the 

20 wall voltage is the same as the polarity of the externally 
applied voltage. Accordingly, the effective voltage in the 
discharge space is raised. When the effective voltage at this 
time exceeds the discharge start voltage, discharges which 
are opposite in polarity to the discharges shown in Fig. 46 

25 (b) are induced. Consequently, the positive charges move 
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toward the electrode 301, to neutralize the negative wall 
charges which have already been stored in the dielectric 
layer 303. The negative charges move toward the electrode 
302, to neutralize the positive wall charges which have 
5 already been stored in the dielectric layer 304. 

As shown in Fig. 46 (e), the positive and negative 
charges are respectively stored on the wall surfaces of the 
dielectric layers 303 and 304. In this case, the polarity 
01 of the wall voltage is opposite to the polarity of the 

u3 10 externally applied voltage. Accordingly, the effective 
*j* voltage in the discharge space is lowered as the discharges 

O progress, so that the discharges are stopped. 

h& Furthermore, as shown in Fig. 4 6 (f), when the polarity 

of the externally applied voltage is reversed, discharges 
15 which are opposite in polarity to the discharges shown in Fig. 
46 (d) are induced. Consequently, the negative charges move 
toward the electrode 301, and the positive charges move 
toward the electrode 302. The program is then returned to 
the state shown in Fig. 46 (c). 
20 After the discharges are thus started once by applying 

the high write pulse, the discharges can be continued by 
reversing the polarity of the externally applied voltage 
(sustain pulses) lower than the write pulse due to the 
function of the wall charges. To start discharges by applying 
25 a write pulse will be referred to as address discharges, and 
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to continue discharges by applying sustain pulses which are 
alternately reversed will be referred to as sustain 
discharges . 

Description is now made of a sustain driver in a 
5 conventional plasma display device for driving discharge 
cells by the above-mentioned driving method. Fig. 47 is a 
P circuit diagram showing the configuration of the sustain 

HQ driver in the conventional plasma display device . 

As shown in Fig. 47, the sustain driver 600 comprises 
^ 10 a recovery capacitor Cll, a recovery coil Lll, switches SW11, 
% SW12, SW21, and SW22 , and diodes Dll and D12. 

"i The switch SW11 is connected between a power supply 

^ terminal Vll and a node Nil, and the switch SW12 is connected 

between the node Nil and a ground terminal. A voltage Vsus 
15 is applied to the power supply terminal Vll. The node Nil 
is connected to 480 sustain electrodes, for example. In Fig. 
47, a panel capacitance Cp corresponding to all capacitances 
among the plurality of sustain electrodes and the ground 
terminal is illustrated. 
20 The recovery capacity Cll is connected between a node 

N13 and the ground terminal. The switch SW21 and the diode 
Dll are connected in series between the node N13 and a node 
N12, and the diode D12 and the switch SW22 are connected in 
series between the node N12 and the node N13. The recovery 
25 coil Lll is connected between the node N12 and the node Nil. 
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Fig. 48 is a timing chart showing the operation in a 
sustain time period of the sustain driver 600 shown in Fig. 
47. In Fig. 48, a voltage at the node Nil shown in Fig. 47 
and the operations of the switches SW21, SW11, SW22, and SW12 
5 shown in Fig. 47 are illustrated. 

First, in a time period Ta, the switch SW21 is turned 
on, and the switch SW12 is turned off. At this time, the 
switches SW11 and SW22 are turned off. Consequently, the 
■£! voltage at the node Nil is gently raised due to LC 

."f 10 (Inductance-Capacitance) resonance by the recovery coil Lll 
s< * and the panel capacitance Cp . Then, in a time period Tb , the 

SI 

!*t switch SW21 is turned off, and the switch SW11 is turned on. 

;^ Consequently, the voltage at the node Nil is rapidly raised. 

In a time period Tc, the voltage at the node Nil is fixed to 
15 Vsus , so that sustain discharges are induced once by a 

discharge current supplied from the power supply terminal 

Vll. 

Then, in a time period Td, the switch SW11 is turned 
off, and the switch SW22 is turned on. Consequently, the 

20 voltage at the node Nil is gently lowered due to LC resonance 
by the recovery coil Lll and the panel capacitance Cp. 
Thereafter, in a time period Te, the switch SW22 is turned 
off, and the switch SW12 is turned on. Consequently, the 
voltage at the node Nil is rapidly lowered, and is fixed to 

25 a ground potential. 
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By repeatedly performing the above-mentioned 
operations in the sustain time period, periodical sustain 
pulses Psu are applied to the plurality of sustain 
electrodes, and the discharge cells are discharged when the 
5 sustain pulses Psu rise, thereby inducing sustain 
discharges . 

As described in the foregoing, in the conventional 

P 

«3 plasma display device, the discharge cells are discharged 

only once when the sustain pulse rises using the sustain 
10 driver or the like, and the discharges are stopped until the 
subsequent sustain pulse is applied. In the discharges 
induced once, the discharge current is supplied from the 
power supply, so that a current required for the discharges 
is sufficiently supplied. However, ultraviolet rays are 
15 saturated with respect to the discharge current. Further, 
the intensity of visible light is also saturated with respect 
to the ultraviolet rays. Even if the discharge current is 
increased, therefore, luminance is hardly increased. 

The conventional plasma display device is caused to emit 
20 light by thus supplying the discharge current from the power 
supply to induce discharges only once. Accordingly, luminous 
efficiency is reduced with respect to applied power. When 
the discharge cells are driven at such a low current level 
that luminance is not saturated, the discharges themselves 
25 are unstable. Consequently, the discharges cannot be 
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repeatedly stably induced. 

On the other hand, JP-A-11-282416 discloses that a 
second voltage Vk and a first voltage Vs (> Vk) are applied 
to all discharge cells which should be turned on in a sustain 
5 time period, to discharge the discharge cells having a low 
discharge voltage at the second voltage Vk, while discharging 
the discharge cells having a high discharge voltage at the 
first voltage Vs , thereby dispersing a discharge current. In 
this case, each of the discharge cells is discharged once 

10 during the half of the sustain time period. After the 
discharge cells having a low discharge voltage are discharged 
at the second voltage Vk, however, the discharge cells having 
a high discharge voltage are discharged at the first voltage 
Vs. On the whole, it seems that the discharge cells are 

15 discharged twice during the half of the sustain time period. 
In such discharges, however, each of the discharge cells is 
discharged only once. A discharge current corresponding to 
the whole of a PDP is merely dispersed. Accordingly, luminous 
efficiency cannot be improved with respect to all the 

20 discharge cells which should be turned on. 

Furthermore, JP-A-11-282416, described above, 
discloses that the second voltage Vk Vs/10) and the first 
voltage Vs are applied to all the discharge cells which should 
be turned on in the sustain time period. In this case, the 

25 discharge cell having a low discharge voltage is discharged 
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at the first voltage Vs and is discharged again at the second 
voltage Vk in the subsequent cycle, and the discharge cell 
having a high discharge voltage is discharged at the first 
voltage Vs and is weakly discharged again or is not discharged 
5 at the second voltage Vk in the subsequent cycle. Also in 
this case, therefore, all the discharge cells which should 
be turned on are not discharged twice during the half of the 
sustain time period. Some of the discharge cells are 
discharged only once. Accordingly, luminous efficiency 
10 cannot be improved with respect to all the discharge cells 
which should be turned on. 

Furthermore, the conventional plasma display device is 
caused to emit light by supplying a discharge current from 
l2 the power supply to induce discharges only once. Accordingly, 

15 luminous efficiency is reduced with respect to applied power, 
resulting in increased power consumption. Generally, power 
consumption in the plasma display device is higher than that 
in the other display device. It is desired that the power 
consumption is reduced. 
20 When the discharge cells are driven at such a low current 

level that luminance is not saturated, the discharges 
themselves are unstable. Accordingly, the discharges cannot 
be repeatedly stably induced. In the PDP, various images are 
displayed. The number of discharge cells which are 
25 simultaneously turned on is changed, and a required discharge 
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current ±s changed. When the discharge cells are driven at 
a low current level, the discharges are made more unstable. 

Disclosure of the Invention 
5 An object of the present invention is to provide a 

display device capable of improving the luminous efficiency 
of all discharge cells which should be turned on and a method 
of driving the same. 

Another object of the present invention is to provide 

10 a display device capable of improving the luminous efficiency 
of all discharge cells which should be turned on as well as 
capable of repeatedly stably inducing discharges and a method 
of driving the same. 

Still another object of the present invention is to 

15 provide a display device capable of repeatedly stably 
inducing discharges even if the lighting rate is changed as 
well as capable of improving luminous efficiency 
corresponding to applied power to reduce power consumption 
and a method of driving the same. 

20 A display device according to an aspect of the present 

invention is a display device for selectively discharging a 
plurality of discharge cells to display an image, 
characterized by comprising a display panel including the 
plurality of discharge cells; a first driving circuit for 

25 applying a driving pulse to the selected discharge cell in 
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the display panel to induce a first discharge; and a second 
driving circuit for increasing, after the first discharge is 
at least weakened by reducing a voltage of the driving pulse, 
the voltage of the driving pulse again, to induce a second 
5 discharge subsequently to the first discharge. 

In the display device, the driving pulse is applied to 
the selected discharge cell in the display panel, to induce 
the first discharge, and the voltage of the driving pulse is 
increased again after the first discharge is at least 
rij 10 weakened by reducing the voltage of the driving pulse, to 
induce the second discharge subsequently to the first 
discharge. Consequently, in the first discharge, only 
minimum power required for the discharge is applied. 
UA Accordingly, the saturation of ultraviolet rays is 

15 alleviated by current limitation from the moment the first 
discharge starts to be weakened, thereby improving luminous 
efficiency in the first discharge. As a result, the first 
discharge which is high in luminous efficiency is induced, 
and the second discharge is further induced by all the 
20 discharge cells which should be turned on, thereby making it 
possible to improve the luminous efficiency of all the 
discharge cells which should be turned on. 

It is preferable that the second driving circuit induces 
the second discharge while a priming effect produced by the 
25 first discharge is obtained. 
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In this case, the second discharge is induced while the 
priming effect produced by charged particles, excited atoms, 
and so forth generated by the first discharge is obtained. 
Accordingly, the second discharge can be induced in a state 
5 where the discharge is easily induced by the priming effect 
produced by the charged particles, the induced atoms, and so 
forth remaining in a discharge space by the first discharge, 
thereby making it possible to stably induce the second 
discharge. As a result, the first discharge which is high 

10 in luminous efficiency is induced, and the second discharge 
is further stably induced by all the discharge cells which 
should be turned on. Accordingly, it is possible to improve 
the luminous efficiency of all the discharge cells which 
should be turned on and to repeatedly stably induce the 

15 discharges. 

It is preferable that an interval between the peak of 
the first discharge and the peak of the second discharge is 
not less than 100ns nor more than 550ns. 

In this case, it is possible to obtain the effect of 

20 improving luminous efficiency by the first discharge and 
repetitive discharge stability by the second discharge. 

It is preferable that the second driving circuit induces 
the second discharge after the first discharge is weakened 
and is completely terminated. 

25 In this case, the saturation of ultraviolet rays is 
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alleviated by current limitation from the moment the first 
discharge starts to be weakened until the first discharge is 
terminated, thereby making it possible to completely give the 
effect of improving luminous efficiency by the first 
5 discharge. 

It is more preferable that the interval between the peak 
of the first discharge and the peak of the second discharge 
is not less than 300ns nor more than 550ns. 



10 improving luminous efficiency by the first discharge almost 



to its maximum and to obtain repetitive discharge stability 
by the second discharge. 



discharge is not less than the peak intensity of the first 
15 discharge. 

In this case, the peak intensity of the second discharge 

is not less than the peak intensity of the first discharge. 

Accordingly, the second discharge is induced in sufficient 

intensity, thereby making it possible to sufficiently store 
20 wall charges required for the subsequent first discharge and 

to stably repeat the discharge. 

It is preferable that the plurality of discharge cells 

respectively include capacitive loads, and the first driving 

circuit comprises an inductance circuit having at least one 
25 inductance element having its one end connected to the 




In this case, it is possible to obtain the effect of 



It is preferable that the peak intensity of the second 
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capacitive load, and a resonance driving circuit for 
outputting the driving pulse due to LC resonance by the 
capacitive load and the inductance element. 

In this case, the driving pulse is outputted due to LC 
5 resonance by the capacitive load and the inductance element. 
Accordingly, the driving pulse can be generated with small 
power consumption, and luminous efficiency in the first 
discharge can be improved by the current -limiting effect of 
an LC resonance circuit. 
10 It is preferable that the first driving circuit 

comprises a first capacitive element provided outside the 
display panel as a current supply source for the driving 
pulse, the first capacitive element recovering charges 
fa stored in the discharge cells. 

15 In this case, a current required for the first discharge 

is supplied to the capacitive element having a lower current 
supplying capability than the power supply. Accordingly, the 
current is not supplied more than required, and no 
unnecessary power is applied. Further, the first capacitive 
20 element is provided separately from the display panel outside 
the display panel, so that the capacity thereof can be 
considerably larger than the capacity of the discharge cell 
in the display panel. Consequently, the discharge current 
required for the first discharge can be ensured, and the 
25 structure of the capacitive element, for example, can be 
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easily changed, thereby making it possible to easily realize 
the most suitable driving method out of various driving 
methods. Further, the charges stored in the discharge cell 
are recovered by the first capacitive element. Accordingly, 
5 the charges in the discharge cell can be efficiently used, 
thereby making it possible to reduce power consumption. 

It is preferable that the display device further 
comprises a third driving circuit for increasing, after the 
second discharge is at least weakened by reducing the voltage 
10 of the driving pulse, the voltage of the driving pulse again, 
to induce a third discharge subsequently to the second 
discharge . 

In this case, after the second discharge is at least 
weakened by reducing the voltage of the driving pulse, the 

15 voltage of the driving pulse is increased, to induce the third 
discharge subsequently to the second discharge. 
Accordingly, the first to third discharges can be induced by 
minimum applied power required, and luminance at the time of 
the discharges can be enhanced by continuously inducing the 

20 first to third discharges, thereby making it possible to 
further improve luminous efficiency. 

It is preferable that the third driving circuit repeats 
an operation for increasing, after the discharge is at least 
weakened by reducing the voltage of the driving pulse, the 

25 voltage of the driving pulse again, to continuously induce 
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a plurality of times of discharges subsequent to the second 
discharge . 

In this case, a plurality of times of discharges are 
induced subsequently to the second discharge. Accordingly, 
a plurality of times of discharges can be induced in minimum 
applied power required, and luminance at the time of the 
discharges can be enhanced by continuously inducing the 
discharges a plurality of times, thereby making it possible 
to further improve luminous efficiency. 
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I./, 10 It is preferable that the second driving circuit 



comprises a second capacitive element provided outside the 
display panel as a current supply source for the driving 
pulse, and a voltage source for charging the second 
capacitive element to a predetermined voltage. 

15 In this case, a current required for the second 

discharge is supplied by the second capacitive element 
charged to a predetermined voltage, that is, the capacitive 
element having a lower current supplying capability than the 
power supply. Accordingly, the current is not supplied more 

20 than required, and no unnecessary power is applied. Further, 
the second capacitive element is provided separately from the 
display panel outside the display panel, so that the capacity 
thereof can be considerably larger than the capacity of the 
discharge cell in the display panel. Consequently, the 

25 discharge current required for the second discharge can be 
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ensured, and the structure of the capacitive element, for 
example, can be easily changed, thereby making it possible 
to easily realize the most suitable driving method out of 
various driving methods . 
5 It is preferable that the driving pulse includes a 

driving pulse which makes the transition from a first 
potential to a second potential and takes a maximal value and 
a minimal value at least once during the transition from the 
first potential to the second potential, and the display 

10 device further comprises a final driving circuit for driving 
the driving pulse such that the transition speed from the 
final extreme value to the second potential is lower than the 
transition speed from the first potential to an extreme value 
immediately after that and the transition speed from the 

15 subsequent extreme value to an extreme value immediately 
after that. 

In this case, the transition speed from the final 
extreme value to the second potential can be made lower than 
the other transition speed. Accordingly, it is possible for 

20 the driving pulse to gently make the transition from the last 
extreme value to the second potential. Consequently, a sharp 
edge portion is not formed in this portion, thereby making 
it possible to restrain the radiation of unnecessary 
electromagnetic waves . 

25 It is preferable that the final driving circuit 
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comprises a field effect transistor having its one end 
receiving the second potential, and a current -limiting 
circuit for limiting a current of a control signal inputted 
to the gate of the field effect transistor. 
5 In this case, when the on-off state of the field effect 

transistor for the driving pulse to make the transition to 
the second potential is controlled, the current of the 
control signal inputted to the gate thereof is limited, 
jjg Accordingly, charges for forming the channel of the field 

10 effect transistor are gently charged or discharged through 
the gate. Consequently, the opening or closing speed of the 
Sj channel of the field effect transistor is reduced, thereby 

M making it possible to gently make the transition of the 

driving pulse to the second potential. 
15 A display device according to another aspect of the 

present invention is a display device for selectively 
discharging a plurality of discharge cells to display an 
image, characterized by comprising a display panel including 
the plurality of discharge cells; a driving circuit for 
20 applying a driving pulse to the selected discharge cell in 
the display panel to induce a second discharge after inducing 
a first discharge; a detection circuit for detecting the 
lighting rate of the discharge cells which are simultaneously 
turned on out of the plurality of discharge cells; and a 
25 control circuit for controlling the driving circuit such that 
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the driving pulse is changed depending on the lighting rate 
detected by the detection circuit. 

In the display device, the lighting rate of the 
discharge cells which are simultaneously turned on out of the 
5 plurality of discharge cells, and the driving pulse which is 
changed depending on the detected lighting rate is applied 
to the selected discharge cell in the display panel, to induce 
the second discharge after inducing the first discharge. 
Consequently, the most suitable driving pulse corresponding 

10 to the lighting rate can be applied. Accordingly, it is 
possible to induce the first and second discharges to improve 
luminous efficiency and to repeatedly stably induce the first 
and second discharges. As a result, it is possible to 
repeatedly stably induce the discharges even if the lighting 

15 rate is changed as well as to improve luminous efficiency 
corresponding to applied power to reduce power consumption. 

It is preferable that the display device further 
comprises a conversion circuit for converting, in order to 
divide one field into a plurality of sub-fields and discharge 

20 the selected discharge cell for each sub-field to make gray 
scale expression, image data in the one field into image data 
in each sub-field, the detection circuit comprises a sub- 
field lighting rate detection circuit for detecting the 
lighting rate for each sub-field, and the control circuit 

25 controls the driving circuit such that the driving pulse is 
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changed depending on the lighting rate for each sub-field 
detected by the sub-field lighting rate detection circuit. 

In this case, the driving pulse can be changed depending 
on the lighting rate detected for each sub-field. 
5 Accordingly, it is possible to induce the first and second 
discharges in the most suitable state corresponding to the 
lighting rate even in a case where gray scale expression is 
made . 

It is preferable that the driving circuit comprises a 
10 first driving circuit for increasing the voltage of the 
driving pulse to induce the first discharge, and a second 
driving circuit for increasing the voltage of the driving 
pulse again to induce the second discharge after inducing the 
first discharge, and the control circuit controls the second 
15 driving circuit such that the driving pulse is changed 
depending on the lighting rate detected by the detection 
circuit . 

In this case, the second discharge is induced after the 
first discharge is induced. Accordingly, the second 

20 discharge can be induced in a state where a discharge space 
is easily discharged by the first discharge, thereby making 
it possible to reduce applied power at the time of the second 
discharge. Further, the discharge current required for the 
second discharge can be sufficiently supplied by increasing 

25 the voltage of the driving pulse again, thereby making it 
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possible to reliably form wall charges for the subsequent 
discharge and repeatedly stably induce the subsequent first 
and second discharges. 

It is preferable that the second driving circuit 
5 increases, after the first discharge is at least weakened by 
reducing the voltage of the driving pulse, the voltage of the 
driving pulse, to induce the second discharge subsequent to 
the first discharge. 

In this case, the voltage of the driving pulse is 
10 increased again after the first discharge is at least 
weakened by reducing the voltage of the driving pulse, 
thereby inducing the second discharge subsequently to the 
first discharge. Consequently, in the first discharge, the 
j a j£ minimum power required for discharges are turned on. 

15 Accordingly, the saturation of ultraviolet rays is 
alleviated by current limitation from the moment the first 
discharge starts to be weakened, thereby making it possible 
to improve luminous efficiency. 

It is preferable that the control circuit changes the 
20 timing at which the second driving circuit increases the 
voltage of the driving pulse again depending on the lighting 
rate detected by the detection circuit. 

In this case, the timing at which the voltage of the 
driving pulse is increased is controlled depending on the 
25 lighting rate. Accordingly, it is possible to induce the 
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first and second discharges in the most suitable state 

corresponding to the lighting rate. 

It is preferable that the higher the lighting rate 

detected by the detection circuit is, the later the timing 
5 at which the second driving circuit increases the voltage of 

the driving pulse again is. 

In this case, the higher the lighting rate is, the later 

the timing at which the voltage of the driving pulse is 

increased again is made. Accordingly, in a portion where the 
10 lighting rate is high, the effect of improving luminous 

efficiency by the first discharge can be sufficiently 

obtained by sufficiently separating the first discharge and 

the second discharge. Further, when the timing at which the 

voltage of the driving pulse is increased again is gradually 
15 changed depending on the lighting rate, the state where light 

is emitted can be changed without giving a visually 

uncomfortable feeling . 

It is preferable that the control circuit controls, when 

the lighting rate detected by the detection circuit reaches 
20 not less than a predetermined value, the second driving 

circuit such that the second discharge is induced 

subsequently to the first discharge. 

In this case, when the lighting rate reaches not less 

than the predetermined value, the second driving circuit is 
25 controlled such that the second discharge is induced 
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subsequently to the first discharge. The discharge is 
induced as in the conventional example when the lighting rate 
is lower than the predetermined value, and the first and 
second discharges can be induced when the lighting rate is 
5 not less than the predetermined value, thereby making it 
possible to emit light in the most suitable state 
corresponding to the lighting rate. 

It is preferable that the control circuit controls the 
second driving circuit so as to delay the timing at which the 

10 voltage of the driving pulse is increased again with the 
increase in the lighting rate detected by the detection 
circuit, and advance the timing at which the voltage of the 
driving pulse is increased again when the lighting rate is 
increased to not less than the predetermined value. 

15 In this case, the timing at which the voltage of the 

driving pulse is increased again can be set to the timing at 
which power consumption can be further reduced, thereby 
making it possible to further reduce power consumption. 

It is preferable that the control circuit controls the 

20 second driving circuit so as to switch the timing at which 
the second driving circuit increases the voltage of the 
driving pulse again when the lighting rate detected by the 
detection circuit reaches not less than a predetermined value 
and change the number of pulses composing the driving pulse 

25 applied to the selected discharge cell in the display panel 



such that luminance is approximately equal before and after 
the switching of the timing at which the voltage of the 
driving pulse is increased again. 

In this case, the number of pulses composing the driving 
5 pulse applied to the selected discharge cell in the display 
panel is changed such that the luminance is approximately 
equal before and after switching the timing at which the 
voltage of the driving pulse is increased again. 
Accordingly, the discontinuity of the luminance by switching 

10 the timing at which the voltage of the driving pulse is 
increased again can be corrected, and the timing at which the 
voltage of the driving pulse is increased can be switched 
without giving a visually uncomfortable feeling. 

It is preferable that the control circuit controls the 

15 driving circuit such that the higher the lighting rate 
detected by the detection circuit is, the longer the period 
of the driving pulse is. 

In this case, even if the voltage of the driving pulse 
is made lower, the first and second discharges can be stably 

20 induced, thereby making it possible to further reduce power 
consumption . 

It is preferable that the control circuit controls the 
driving circuit so as to switch the period of the driving 
pulse when the lighting rate detected by the detection 
25 circuit reaches not less than a predetermined value and 
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change the number of pulses composing the driving pulse 
applied to the selected discharge cell in the display panel 
such that luminance is approximately equal before and after 
the switching of the period of the driving pulse. 
5 In this case, the number of pulses composing the driving 

pulse applied to the selected discharge cell in the display 
panel is changed such that the luminance is approximately 
equal before and after switching the period of the driving 
pulse. Accordingly, the discontinuity of the luminance by 

10 switching the period of the driving pulse can be corrected, 
and the period of the driving pulse can be switched without 
giving a visually uncomfortable feeling. 

It is preferable that the driving circuit applies, in 
the same sub-field, at least one of a first driving pulse for 

15 inducing a discharge once by applying one pulse and a second 
driving pulse for inducing the second discharge after 
inducing the first discharge, and the control circuit 
controls the driving circuit so as to change the ratio of the 
number of times of application of the first driving pulse to 

20 the number of times of application of the second driving pulse 
depending on the lighting rate for each sub-field detected 
by the sub-field lighting rate detection circuit. 

In this case, in the same sub-field, the ratio of the 
number of times of application of the first driving pulse for 

25 inducing the discharge once to the number of times of 




application of the second driving pulse for inducing the 
second discharge after inducing the first discharge is 
changed depending on the lighting rate for each sub-field. 
Accordingly, all the driving pulses in the same sub-field are 
5 not simultaneously switched in switching from the discharge 
induced once to the first and second discharges, and 
luminance can be continuously changed by gradually changing 
the ratio of the two types of driving pulses which differ in 
the number of times of discharges, thereby making it possible 

10 to prevent a flicker from being produced. 

It is preferable that the driving circuit applies, in 
the same sub-field, at least one of a first driving pulse for 
inducing the first and second discharges at a first time 
interval and a second driving pulse for inducing the first 

15 and second discharges at a second time interval longer than 
the first time interval, and the control circuit controls the 
driving circuit so as to change the ratio of the number of 
times of application of the first driving pulse to the number 
of times of application of the second driving pulse depending 

20 on the lighting rate for each sub-field detected by the 
sub-field lighting rate detection circuit. 

In this case, in the same sub-field, the ratio of the 
number of times of application of the first driving pulse for 
inducing the first and second discharges at a first time 

25 interval to the number of times of application of the second 
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driving pulse for inducing the first and second discharges 
at a second time interval is changed depending on the lighting 
rate for each sub-field. Accordingly, all the driving pulses 
in the same sub-field are not simultaneously switched in 
5 switching from the first and second discharges at a short time 
interval to the first and second discharges at a long time 
interval, and luminance can be continuously changed by 
gradually changing the ratio of the two types of driving 
pulses which differ in the discharge interval, thereby making 

10 it possible to prevent a flicker from being produced. 

It is preferable that the period of the second driving 
pulse is longer than the period of the first driving pulse. 

In this case, in the same sub-field, the ratio of the 
number of times of application of the first driving pulse 

15 having a short period to the number of times of application 
of the second driving pulse having a long period is changed 
depending on the lighting rate for each sub-field. 
Accordingly, all the driving pulses in the same sub-field are 
not simultaneously switched in switching from the first 

20 driving pulse having a short period to the second driving 
pulse having a long period, and luminance can be continuously 
changed by gradually changing the ratio of the two types of 
driving pulses which differ in the period, thereby making it 
possible to prevent a flicker from being produced. Further, 

25 even if the voltage of the second driving pulse is further 




lowered, the first and second discharges can be stably 
induced, thereby making it possible to further reduce power 
consumption . 

It is preferable that the control circuit controls the 
5 driving circuit such that the higher the lighting rate for 
each sub-field detected by the sub-field lighting rate 
detection circuit is, the higher the ratio of the number of 
times of application of the second driving pulse to the number 
of times of application of the first driving pulse becomes. 

10 In this case, in switching from the first driving pulse 

to the second driving pulse because the lighting rate for each 
sub-field is increased, the number of times of application 
of the second driving pulse is increased as the lighting rate 
for each sub-field is increased in the same sub-field. 

15 Accordingly, luminance can be continuously changed by 
gradually increasing the ratio of the second driving pulse 
in switching from the first driving pulse to the second 
driving pulse. 

It is preferable that the control circuit controls the 

20 driving circuit so as to increase the ratio of the number of 
times of application of the second driving pulse to the number 
of times of application of the first driving pulse with the 
increase in the lighting rate for each sub-field detected by 
the sub-field lighting rate detection circuit, and further 

25 decrease the ratio of the number of times of application of 
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the second driving pulse to the number of times of application 
of the first driving pulse with the increase in the lighting 
rate when the lighting rate is increased to not less than a 
predetermined value* 
5 In this case, the ratio of the number of times of 

application of the second driving pulse to the number of times 
of application of the first driving pulse can be set to a ratio 
at which power consumption can be further reduced, thereby 
making it possible to further reduce power consumption. 

m 

^ 10 It is preferable that the first driving circuit 

comprises a first capacitive element provided outside the 
display panel as a current supply source for the driving 
pulse . 

In this case, a current required for the first 
15 discharges are supplied by the capacitive element having a 
lower current supplying capability than the power supply. 
Accordingly, the current is not supplied more than required, 
and no unnecessary power is applied. Further, the first 
capacitive element is provided separately from the display 
20 panel outside the display panel, so that the capacity thereof 
can be made considerably larger than the capacity of the 
discharge cells in the display panel. Therefore, the 
discharge current required for the first discharge can be 
ensured, and the structure or the like of the capacitive 
25 element can be easily changed, thereby making it possible to 
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easily realize the most suitable driving method out of 
various driving methods . 

It is preferable that the first capacitive element 
recovers charges stored in the discharge cell, 
5 In this case, the charges stored in the discharge cell 

are recovered by the first capacitive element. Accordingly, 
the charges in the discharge cell can be efficiently used, 
thereby making it possible to reduce power consumption. 

It is preferable that the plurality of discharge cells 

10 respectively include capacitive loads, and the first driving 
circuit comprises an inductance circuit having at least one 
inductance element having its one end connected to the 
capacitive load, and a resonance driving circuit for 
outputting the driving pulse due to LC resonance by the 

15 capacitive load and the inductance element. 

In this case, the driving pulse is outputted due to LC 
resonance by the capacitive load and the inductance element. 
Accordingly, the driving pulse can be generated with small 
power consumption, and luminous efficiency in the first 

20 discharge can be improved by the current - limiting effect of 
an LC resonance circuit. 

It is preferable that the inductance circuit includes 
a variable inductance circuit capable of changing an 
inductance value, and the display device further comprises 

25 an inductance control circuit for changing the inductance 
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value of the variable inductance circuit depending on the 
lighting rate detected by the detection circuit. 

In this case, the inductance value of the variable 
inductance circuit is controlled depending on the lighting 
5 rate. Accordingly, the current required for the discharge 
can be supplied due to the most suitable LC resonance 
corresponding to the lighting rate, thereby making it 
possible to reduce power consumption. 

It is preferable that the driving circuit further 

10 comprises a third driving circuit for increasing, after the 
second discharge is at least weakened by reducing the voltage 
of the driving pulse, the voltage of the driving pulse, to 
induce a third discharge subsequently to the second 
discharge, and the control circuit controls the third driving 

15 circuit such that the driving pulse is changed depending on 
the lighting rate detected by the detection circuit. 

In this case, after the second discharge is at least 
weakened by reducing the voltage of the driving pulse, the 
third discharge is induced subsequently to the second 

20 discharge by increasing the voltage of the driving pulse. 
Accordingly, the first to third discharges can be induced in 
minimum applied power required, and luminance at the time of 
the discharge can be enhanced by continuously inducing the 
first to third discharge, thereby making it possible to 

25 further improve luminous efficiency corresponding to applied 
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power . 

It is preferable that the third driving circuit repeats 
an operation for increasing the voltage of the driving pulse 
again after the discharge is at least weakened by reducing 
5 the voltage of the driving pulse, to continuously induce a 
plurality of times of discharges subsequent to the second 
discharge, and the control circuit controls the third driving 
circuit such that the driving pulse is changed depending on 
the lighting rate detected by the detection circuit. 

10 In this case, the plurality of times of discharges are 

induced subsequently to the second discharge. Accordingly, 
the plurality of times of discharges can be induced in minimum 
applied power required, and luminance at the time of the 
discharges can be enhanced by continuously inducing the 

15 discharges a plurality of times, thereby making it possible 
to further improve luminous efficiency corresponding to 
applied power. 

It is preferable that the second driving circuit 
comprises a second capacitive element provided outside the 

20 display panel as a current supply source for the driving 
pulse, and a voltage source for charging the second 
capacitive element to a predetermined voltage. 

In this case, a current required for the second 
discharge is supplied by the second capacitive element 

25 charged to a predetermined voltage, that is, the capacitive 
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element having a lower current supplying capability than the 
power supply. Accordingly, the current is not supplied more 
than required, and no unnecessary power is applied. Further, 
the second capacitive element is provided separately from the 
5 display panel outside the display panel, so that the capacity 
thereof can be made considerably larger than the capacity of 
the discharge cells in the display panel. Accordingly, the 
discharge current required for the second discharge can be 
ensured, and the structure or the like of the capacitive 

10 element can be easily changed, thereby making it possible to 
easily realize the most suitable driving method out of 
various driving methods . 

It is preferable that the voltage source includes a 
variable voltage source capable of changing its output 

15 voltage, and the display device further comprises a voltage 
control circuit for controlling the output voltage of the 
variable voltage source such that the higher the lighting 
rate detected by the detection circuit is, the lower a 
charging voltage for the second capacitive element becomes. 

20 In this case, the higher the lighting rate is, the lower 

the charging voltage for the second capacitive element can 
be made. Even if the lighting rate is increased, and the 
voltage of the driving pulse is significantly reduced by the 
first discharge, therefore, the peak voltage of the driving 

25 pulse at the time of the second discharge can be kept 
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constant. Consequently, required charges can be supplied to 
the discharge cells depending on the lighting rate, thereby 
making it possible to stably induce the second discharge. 

It is preferable that the voltage source includes a 
5 variable voltage source capable of changing an output 
voltage, and the display device further comprises a potential 
detection circuit for detecting a potential of the driving 
pulse which is changed by the first discharge, and a voltage 
control circuit for controlling an output voltage of the 

10 variable voltage source such that the larger the amount of 
change in the potential detected by the potential detection 
circuit is, the lower the charging voltage for the second 
capacitive element becomes. 

In this case, the larger the amount of change in the 

15 potential of the driving pulse which is reduced by the first 
discharge is, the lower the charging voltage for the second 
capacitive element can be made. Even if the lighting rate 
is increased, and the voltage of the driving pulse is 
significantly reduced by the first discharge, therefore, the 

20 peak voltage of the driving pulse at the time of the second 
discharge can be kept constant. Consequently, required 
charges can be supplied to the discharge cells depending on 
the lighting rate. Further, the amount of change in the 
potential of the driving pulse is directly detected. 

25 Accordingly, the peak voltage of the driving pulse at the time 
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of the second discharge can be adjusted with higher 
precision, thereby making it possible to more stably induce 
the second discharges. 

A method of driving a display device according to 
5 another aspect of the present invention is a method of 
selectively discharging a plurality of discharge cells to 
display an image, characterized by comprising the steps of 
i;2 applying a driving pulse to the selected discharge cell to 

induce a first discharge; and increasing, after the first 
; K f 10 discharge is at least weakened by reducing a voltage of the 
driving pulse, the voltage of the driving pulse again, to 
induce a second discharge subsequently to the first 
j s £ discharge. 

In the method of driving the display device, the driving 
15 pulse is applied to the selected discharge cell in the display 
panel, to induce the first discharge, and the voltage of the 
driving pulse is increased again after the first discharge 
is at least weakened by reducing the voltage of the driving 
pulse, to induce the second discharge subsequently to the 
20 first discharge. Consequently, in the first discharge, only 
the minimum power required for the discharge is applied. 
Accordingly, the saturation of ultraviolet rays is 
alleviated by current limitation from the moment the first 
discharge starts to be weakened, so that luminous efficiency 
25 in the first discharge is improved. As a result, the first 
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discharge which is high in luminous efficiency is induced, 
and the second discharge is further induced by all the 
discharge cells which should be turned on, thereby making it 
possible to improve the luminous efficiency of all the 
5 discharge cells which should be turned on. 

It is preferable that the method of driving a display 
deice further comprises the step of increasing, after the 

. 1** 

second discharge is at least weakened by reducing the voltage 
of the driving pulse, the voltage of the driving pulse again, 
10 to induce a third discharge subsequently to the second 
**** discharge. 

In this case, the third discharge is induced 

j sA subsequently to the second discharge by increasing the 

P 

y: voltage of the driving pulse after the second discharge is 

15 at least weakened by reducing the voltage of the driving 
pulse. Accordingly, the first to third discharges can be 
induced in minimum applied power required, and luminance at 
the time of the discharges can be enhanced by continuously 
inducing the first to third discharges, thereby making it 
20 possible to further improve luminous efficiency. 

It is preferable that the step of inducing the third 
discharge further comprises the step of repeating an 
operation for increasing, after the discharge is at least 
weakened by reducing the voltage of the driving pulse, the 
25 voltage of the driving pulse again, to continuously induce 
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a plurality of times of discharges subsequently to the second 
discharge . 

In this case, the plurality of times of discharges are 
induced subsequently to the second discharge. Accordingly, 
5 the plurality of times of discharges can be induced in minimum 
applied power required, and luminance at the time of the 
discharges can be enhanced by continuously inducing the 
discharges a plurality of times, thereby making it possible 
to further improve luminous efficiency. 

10 It is preferable that the driving pulse includes a 

driving pulse which makes the transition from a first 
potential to a second potential and takes a maximal value and 
a minimal value at least once during the transition from the 
first potential to the second potential, and the method of 

15 driving the display device further comprises the step of 
driving the driving pulse such that the transition speed from 
the final extreme value to the second potential is lower than 
the transition speed from the first potential to an extreme 
value immediately after that and the transition speed from 

20 the subsequent extreme value to an extreme value immediately 
after that. 

In this case, the transition speed from the final 
extreme value to the second potential can be made lower than 
the other transition speed. Accordingly, it is possible to 
25 gently make the transition of the driving pulse from the last 
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extreme value to the second potential. Consequently, a sharp 
edge is not formed in this portion, thereby making it possible 
to restrain the radiation of unnecessary electromagnetic 
waves . 

5 A method of driving a display device according to still 

another aspect of the present invention is a method of 
selectively discharging a plurality of discharge cells to 
display an image, characterized by comprising the steps of 
detecting the lighting rate of the discharge cells which are 

10 simultaneously turned on out of the plurality of discharge 
cells; and changing the driving pulse depending on the 
lighting rate detected by the detecting step to apply the 
driving pulse to the selected discharge cell, and inducing 
a second discharge after inducing a first discharge. 

15 In the method of driving the display device, the 

lighting rate of the discharge cells which are simultaneously 
turned on out of the plurality of discharge cells is detected, 
and the driving pulse which is changed depending on the 
detected lighting rate are applied to the selected discharge 

20 cell in the display panel, to induce the second discharge 
after inducing the first discharge. Consequently, the most 
suitable driving pulse corresponding to the lighting rate can 
be applied. Accordingly, it is possible to induce the first 
and second discharges to improve luminous efficiency and to 

25 repeatedly stably induce the first and second discharges. As 
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a result, it is possible to repeatedly stably induce the 
discharges even if the lighting rate is changed as well as 
to improve luminous efficiency corresponding to applied 
power to reduce power consumption . 

It is preferable that the step of inducing the first 
and second discharges comprises the steps of increasing the 
voltage of the driving pulse applied to the selected 
discharge cell, to induce the first discharge, and increasing 
the voltage of the driving pulse again to induce the second 
discharge after inducing the first discharge, and changing 
the driving pulse depending on the lighting rate detected by 
the detecting step. 

In this case, the second discharge is induced after the 
first discharge is induced. Accordingly, the second 
discharge can be induced in a state where a discharge space 
is easily discharged by the first discharge, thereby making 
it possible to also reduce applied power at the time of the 
second discharge. Further, a discharge current required for 
the second discharge can be sufficiently supplied by 
increasing the voltage of the driving pulse again, thereby 
making it possible to reliably form wall charges for the 
subsequent discharge and repeatedly stably induce the 
subsequent first and second discharges. 

It is preferable that the step of inducing the second 
discharge comprises the step of increasing, after the first 
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discharge is at least weakened by reducing the voltage of the 
driving pulse, the voltage of the driving pulse again, to 
induce the second discharge subsequently to the first 
discharge, and changing the timing at which the voltage of 
5 the driving pulse is increased again depending on the 
lighting rate detected by the detecting step. 

In this case, the voltage of the driving pulse is 
increased again after the first discharge is at least 
weakened by reducing the voltage of the driving pulse, 

10 thereby inducing the second discharge subsequently to the 
first discharge. Consequently, the minimum power required 
for the discharge is applied in the first discharge. 
Accordingly, the saturation of ultraviolet rays is 
alleviated by current limitation from the moment the first 

15 discharge starts to be weakened, thereby making it possible 
to improve luminous efficiency. At this time, the timing at 
which the voltage of the driving pulse is increased again is 
controlled depending on the lighting rate, thereby making it 
possible to induce the first and second discharges in the most 

20 suitable state corresponding to the lighting rate. 

Brief Description of Drawings 

Fig. 1 is a block diagram showing the configuration of 
>a plasma display device according to a first embodiment of 
25 the present invention. 
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Fig. 2 is a diagram for explaining an ADS system used 
in the plasma display device shown in Fig. 1. 

Fig. 3 is a circuit diagram showing the configuration 
of a sustain driver shown in Fig. 1. 
5 Fig. 4 is a timing chart showing an example of the 

operation in a sustain time period of the sustain driver shown 
in Fig. 3 in a case where first and second discharges are 
continuously induced at the time of sustain discharges. 

Fig. 5 is a diagram showing the relationship between 
10 a perk interval of discharge intensity and luminous 
efficiency in the plasma display device shown in Fig. 1. 

Fig. 6 is a timing chart showing the operation in a 
sustain time period of the sustain driver shown in Fig. 3 in 
a case where a peak interval in discharge intensity in the 
15 plasma display device shown in Fig. 1 is 10ns. 

Fig. 7 is a timing chart showing the operation in a 
sustain time period of the sustain driver shown in Fig. 3 in 
a case where a peak interval in discharge intensity in the 
plasma display device shown in Fig. 1 is 30 ns. 
20 Fig. 8 is a timing chart showing the operation in a 

sustain time period of the sustain driver shown in Fig. 3 in 
a case where a peak interval in discharge intensity in the 
plasma display device shown in Fig. 1 is 50ns. 

Fig. 9 is a timing chart showing the operation in a 
25 sustain time period of the sustain driver shown in Fig. 3 in 
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a case where a peak interval in discharge intensity in the 
plasma display device shown in Fig. 1 is 60ns. 

Fig. 10 is a diagram showing the relationship between 
power consumption and luminance in the plasma display device 
5 shown in Fig. 1. 

Fig. 11 is a block diagram showing the configuration 
of a plasma display device according to a second embodiment 
of the present invention. 

Fig. 12 is a block diagram showing the configuration 
10 of a sub-field processor shown in Fig. 11. 

Fig. 13 is a timing chart showing the operation in a 
sustain time period of the sustain driver shown in Fig. 11 
in a case where a delay time is 0ns. 

Fig. 14 is a timing chart showing the operation in a 
15 sustain time period of the sustain driver shown in Fig. 11 
in a case where a delay time is 100ns. 

Fig. 15 is a timing chart showing the operation in a 
sustain time period of the sustain driver shown in Fig. 11 
in a case where a delay time is 200ns. 
20 Fig. 16 is a timing chart showing the operation in a 

sustain time period of the sustain driver shown in Fig. 11 
in a case where a delay time is 350ns. 

Fig. 17 is a diagram showing the relationship between 
an efficiency evaluation value and a lighting rate in each 
25 delay time in the plasma display device shown in Fig. 1. 
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Fig. 18 is a diagram showing, on the basis of the 
relationship between an efficiency evaluation value and a 
lighting rate in each delay time shown in Fig. 17, the 
relationship between an efficiency evaluation value and a 
5 lighting rate in a case where the delay time is controlled 
depending on the lighting rate by a sub-field processor. 

Fig. 19 is a circuit diagram showing another 
configuration of the sustain driver shown in Fig. 1 or 11. 

Fig. 20 is a timing chart showing the operation in a 
10 sustain time period of the sustain driver shown in Fig. 19. 

Fig. 21 is a block diagram showing the configuration 
of a plasma display device according to a third embodiment 

I aJ . of the present invention. 

h 

n Fig. 22 is a circuit diagram showing the configuration 

15 of a sustain driver shown in Fig. 21. 

Fig. 23 is a timing chart showing the operation in a 
sustain time period of the sustain driver shown in Fig. 22. 

Fig. 24 is a diagram showing the waveform of a sustain 
pulse in a case where discharges are continuously induced a 
20 plurality of times by the present invention. 

Fig. 25 is a block diagram showing the configuration 
of a plasma display device according to a fourth embodiment 
of the present invention. 

Fig. 26 is a block diagram showing the configuration 
25 of a plasma display device according to a fifth embodiment 
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of the present invention. 

Fig. 27 is a block diagram showing the configuration 
of a sub-field processor shown in Fig. 26. 

Fig. 28 is a diagram showing the relationship between 
5 a complete lighting voltage and a lighting rate. 

Fig. 29 is a block diagram showing the configuration 
of a plasma display device according to a sixth embodiment 
of the present invention. 

Fig. 30 is a block diagram showing the configuration 
10 of a sub-field processor shown in Fig. 29. 

Fig. 31 is a timing chart showing the operation in a 
sustain time period of a sustain driver shown in Fig. 29 in 
a case where a delay time is 350ns and a sustain period is 
8 H m . 

15 Fig. 32 is a diagram showing the relationship between 

an efficiency evaluation value and a lighting rate in the 
plasma display device shown in Fig. 29 in a case where a 

sustain period is 6 Urn and 8 /Xm. 

Fig. 33 is a diagram showing the relationship between 
20 an efficiency evaluation value and a lighting rate in a case 

where a sustain period is switched from 6 ttm to 8 Mm when 
the lighting rate reaches not less than 80 %. 

Fig. 34 is a block diagram showing the configuration 
of a plasma display device according to a seventh embodiment 
25 of the present invention. 
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Fig. 35 is a block diagram showing the configuration 
of a sub-field processor shown in Fig, 34. 

Fig. 36 is a block diagram showing the configuration 
of a plasma display device according to an eighth embodiment 
5 of the present invention. 

Fig. 37 is a block diagram showing the configuration 
of a sub-field processor shown in Fig. 36. 

Fig. 38 is a diagram showing the relationship between 
an efficiency evaluation value and a lighting rate in the 
10 plasma display device shown in Fig. 36. 

Fig. 39 is a block diagram showing the configuration 
of a plasma display device according to a ninth embodiment 
of the present invention. 

Fig. 40 is a block diagram showing the configuration 
15 of an inductance control circuit shown in Fig. 39. 

Fig. 41 is a circuit diagram showing the configuration 
of a sustain driver shown in Fig. 39. 

Fig. 42 is a circuit diagram showing a variable 
inductance shown in Fig. 41. 
20 Fig. 43 is a diagram showing the relationship between 

a lighting rate and an efficiency evaluation value in each 

delay time in a case where an inductance value is 0.6 MH. 

Fig. 44 is a diagram showing the relationship between 
an efficiency evaluation value and a lighting rate in a case 
25 where an inductance value is switched from 0.6 /iH to 0.36 
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UH when a lighting rate reaches not less than 65 %. 

Fig. 45 is a circuit diagram showing the configuration 
of another example of the variable inductance shown in Fig. 
41 . 

5 "^ig^i^isa diagram for explaining a method of driving 

discharge Cells in a r:rmw»nt-i rm^l p l^« H N 4i npl.a.y r\e*\r-\ r>& 

Fig. 47 is a circuit diagram showing the configuration 
of a sustain driver in the conventional plasma display- 
device. 

10 Fig. 48 is a timing chart showing the operation in a 

sustain period of the sustain driver shown in Fig. 47. 

Best Mode for Carrying Out the Invention 

An AC-type plasma display device will be described as 
15 an example of a display device according to the present 
invention. Fig. 1 is a block diagram showing the 
configuration of the plasma display device according to a 
first embodiment of the present invention. 

The plasma display device shown in Fig. 1 comprises an 
20 A/D converter (an analog- to-digital converter) 1, a video 
signal/sub-field corresponder 2, a sub-field processor 3, a 
data driver 4, a scan driver 5, a sustain driver 6, and a PDP 
(Plasma Display Panel) 7. 

A video signal VD is inputted to the A/D converter 1. 
25 The A/D converter 1 converts the analog video signal VD into 



digital image data, and outputs the digital image data to the 
video signal/sub-field corresponder 2. The video 

signal/sub-field corresponder 2 divides one field into a 
plurality of sub-fields and displays the sub-fields. 
5 Therefore, image data SP for each of the sub-fields is 
generated from the image data in the one field, and is 
outputted to the sub-field processor 3. 

The sub-field processor 3 generates a data driver 
driving control signal DS, a scan driver driving control 

10 signal CS, and a sustain driver driving control signal US from 
the image data SP for each of the sub-fields, for example, 
and respectively outputs the signals to the data driver 4, 
the scan driver 5, and the sustain driver 6. 

The PDP 7 comprises a plurality of address electrodes 

15 (data electrodes) 11, a plurality of scan electrodes 12, and 
a plurality of sustain electrodes 13. The plurality of 
address electrodes 11 are arranged in the vertical direction 
on a screen, and the plurality of scan electrodes 12 and the 
plurality of sustain electrodes 13 are arranged in the 

20 horizontal direction on the screen. Further, the plurality 
of sustain electrodes 13 are together connected. A discharge 
cell 14 is formed at each of the intersections of the address 
electrodes 11, the scan electrodes 12, and the sustain 
electrodes 13. The discharge cell 14 constitutes a pixel on 

25 the screen. 
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The data driver 4 is connected to the plurality of 
address electrodes 11 in the PDP 7. The scan driver 5 has 
driving circuits respectively provided for the scan 
electrodes 12 provided therein, and each of the driving 
5 circuits is connected to the corresponding scan electrode 12 
in the PDP 7. The sustain driver 6 is connected to the 
plurality of sustain electrodes 13 in the PDP 7 , 

The data driver 4 applies a write pulse to the 
corresponding address electrode 11 in the PDP 7 in response 

10 to the image data SP in a write time period in accordance with 
the data driver driving control signal DS . The scan driver 
5 successively applies the write pulse to the plurality of 
scan electrodes 12 in the PDP 7 while shifting a shift pulse 
in the vertical scanning direction in the write time period 

15 in accordance with the scan driver driving control signal CS. 
Consequently, address discharges are induced in the 
corresponding discharge cell 14. 

Furthermore, the scan driver 5 applies periodical 
sustain pulses to the plurality of scan electrodes 12 in the 

20 PDP 7 in a sustain time period in accordance with the scan 
driver driving control signal CS. On the other hand, the 
sustain driver 6 simultaneously applies to the plurality of 
sustain electrodes 13 in the PDP 7 sustain pulses which are 
shifted in phase by 180Q from the sustain pulses applied to 

25 the scan electrodes 12. Consequently, sustain discharges are 



induced in the corresponding discharge cell 14. 

In the plasma display device shown in Fig. 1, an example 
of gray scale expression is an ADS (Address Display-Period 
Separated) system. Fig. 2 is a diagram for explaining the 
5 ADS system applied to the plasma display device shown in Fig. 
1. Although in Fig. 2, an example of a negative-polarity 
pulse for inducing discharges when a driving pulse falls is 
illustrated, the basic operation is the same as below even 
in the case of a positive-polarity pulse for inducing 

10 discharges when the driving pulse rises . 

In the ADS system, one field (1/60 seconds = 16.67 ms ) 
is divided into a plurality of sub-fields on a time basis. 
When 256 gray scale expression is made by eight bits, for 
example, one field is divided into eight sub-fields SF1 to 

15 SF8. Each of the sub-fields SF1 to SF8 is separated into a 
setup time period PI, a write time period P2, and a sustain 
time period P3. Setup processing of each of the sub-fields 
is performed in the setup time period PI, address discharges 
for selecting the discharge cell 14 which is tuned on are 

20 induced in the write time period P2, and sustain discharges 
for display are induced in the sustain time period P3. 

In the setup time period PI, a single pulse is applied 
to the sustain electrode 13. A single pulse is applied to 
each of the scan electrodes 12 (although the number of scan 

25 electrodes is n in Fig. 2, the number of scan electrodes is 
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actually 480, for example). Consequently, preliminary 
discharges are induced. 

In the write time period P2, the scan electrodes 12 are 
successively scanned, so that predetermined writing 
5 processing to only the discharge cell 14 which has received 
the pulse from the address electrode 11 is performed. 
Consequently, address discharges are induced. 

In the sustain time period P3, a sustain pulse 
corresponding to a value with which each of the sub-fields 

10 SF1 to SF8 is weighted is outputted to the sustain electrode 
13 and the scan electrodes 12. For example, in the sub-field 
SF1, the sustain pulse is applied once to the sustain 
electrode 13, and the sustain pulse is applied once to the 
scan electrodes 12, so that sustain discharges are induced 

15 twice in the discharge cell 14 selected in the write time 
period P2 . Further, in the sub-field SF2 , the sustain pulse 
is applied twice to the sustain electrode 13, and the sustain 
pulse is applied twice to the scan electrode 12, so that 
sustain discharges are induced four times in the discharge 

20 cell 14 selected in the write time period P2 . 

As described in the foregoing, in each of the sub-fields 
SF1 to SF8, the sustain pulse is applied once, twice, four 
times, eight times, 16 times, 32 times, 64 times, and 128 
times to the sustain electrode 13 and the scan electrodes 12, 

25 so that the discharge cell 14 emits light in brightness 
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(luminance) corresponding to the number of pulses. That is, 

the sustain time period P3 is a time period during which the 

discharge cell 14 selected in the write time period P2 is 

discharged a number of times corresponding to a brightness 

5 value with which the sub-field is weighted. 

The sub-fields SF1 to SF8 are respectively weighted with 

brightness values 1 , 2 , 4 , 8 , 16 , 32 , 64 , 128. The sub-fields 

!|* SF1 to SF8 are combined, thereby making it possible to adjust 

^ the level of the brightness on 256 gray scales from 0 to 255. 

10 The number of sub^fields obtained by the division, the values 

**** with which the sub-fields are respectively weighted, and so 

T] forth are not particularly limited to those in the above- 

Ms 

j sA mentioned example. Various changes are possible. In order 

to reduce a pseudo contour of a moving picture, for example, 

15 the sub-field SF8 may be divided into two sub-fields, to set 
a value with which the two sub-fields are weighted to 64. 

The sustain driver 6 shown in Fig. 1 will be described 
in detail. Fig. 3 is a circuit diagram showing the 
configuration of the sustain driver 6 shown in Fig. 1. The 

20 scan driver 5 is configured and operated similarly to the 
sustain driver 6. Therefore, the detailed description of the 
scan driver 5 is omitted, and only the sustain driver 6 will 
be described in detail below. Although in the following 
description, an example of a positive-polarity pulse for 

25 inducing discharges when the driving pulse rises is 
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illustrated, a negative-polarity pulse for inducing 
discharges when the driving pulse falls may be used. 

The sustain driver 6 shown in Fig. 3 comprises FETs 
(Field Effect Transistors, which are hereinafter referred to 
5 as transistors) Ql to Q4, a recovery capacitor CI, a recovery 
coil L, diodes Dl and D2 , and a current- limiting element IL. 

The transistor Ql has its one end connected to a power 
supply terminal VI and has the other end connected to a node 
Nl . A voltage Vsus is applied to the power supply terminal 

10 VI. The current -limiting element IL is constituted by a 
resistor having a predetermined resistance value, for 
example, and has its one end receiving a control signal SI 
and has the other end connected to the gate of the transistor 
Ql . The transistor Q2 has its one end connected to the node 

15 Nl and has the other end connected to a ground terminal, and 
has its gate receiving a control signal S2 . 

Although the node Nl is connected to the 480 sustain 
electrodes 13, for example, a panel capacitance Cp 
corresponding to all capacitances between the plurality of 

20 sustain electrodes 13 and the ground terminal is illustrated 
in Fig. 3. In respect to this point, the same is true for 
a sustain driver according to another embodiment, described 
below . 

The recovery capacitor CI is connected between a node 
25 N3 and the ground terminal. The transistor Q3 and the diode 



Dl are connected In series between the node N3 and a node N2 . 
The diode D2 and the transistor Q4 are connected in series 
between the node N2 and the node N3 . A control signal S3 is 
inputted to the gate of the transistor Q3 , and a control 
5 signal S4 is inputted to the gate of the transistor Q4 . The 
recovery coil L is connected between the node N2 and the node 

!^ In the present embodiment, the PDP 7 corresponds to a 

^ display panel, the scan driver 5 and the sustain driver 6 

10 correspond to first and second driving circuits and a final 

.it". 

driving circuit, and the video signal/sub-field corresponder 

j!3 - ' 

/j 2 corresponds to a conversion circuit. The recovery coil L, 

the recovery capacitor CI, the transistor Q3 , and the diode 
i2 Dl correspond to a first driving circuit, and the transistor 

15 Ql, the current-limiting element IL, and the power supply 
terminal VI correspond to a second driving circuit. Further, 
the recovery capacitor CI corresponds to a first capacitive 
element, the recovery coil L corresponds to an inductance 
circuit and an inductance element, the recovery capacitor CI, 
20 the transistor Q3, and the diode Dl correspond to a resonance 
driving circuit, the transistor Ql corresponds to a field 
effect transistor, and the current -limiting element IL 
corresponds to a current-limiting circuit. 

Fig. 4 is a timing chart showing an example of the 
25 operation in a sustain time period of the sustain driver 6 



shown in Fig* 3 in a case where first and second discharges 
are continuously induced at the time of sustain discharges. 
In Fig. 4, a voltage at the node Nl shown in Fig. 3, discharge 
intensity LR in the PDP 7, and the control signals SI to S4 
5 inputted to the transistors Ql to Q4 are illustrated. The 
control signals SI to S4 are signals outputted from the 
sub-field processor 3 as the sustain driver driving control 
signal US. 

The discharge intensity is measured by the following 
|-f 10 method. In the case of the PDP using mixed gas containing 
^ xenon, its light emission utilizes vacuum ultraviolet rays 

;* w f (a wavelength of 147 nm) generated at the time of discharges 

; 4 from xenon at a resonance level. The vacuum ultraviolet rays 

7* cannot be observed in the air beyond a front glass of the PDP. 

15 On the other hand, it is considered that near infrared rays 
(a wavelength of 828 nm) are emitted in the case of the 
transition from an energy level higher than the resonance 
level to the resonance level, and the near infrared rays are 
approximately proportional to the discharge intensity. 
20 Therefore, in the present specification, the intensity of the 
near infrared rays is measured with respect to one discharge 
cell using an avalanche photodiode having spectral 
sensitivity characteristics in a near infrared area, for 
example, and is taken as the discharge intensity. 
25 Consequently, the continuous first and second 
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discharges, described below, mean that the second discharge 
is induced subsequently to the first discharge for each 
discharge cell, and all the discharge cells which should be 
turned on in the PDP are always discharged twice, and do not 
5 include a case where the discharge cells which are discharged 
early and the discharge cells which are discharged late are 
respectively discharged only once at different timings due 
to the variation in the discharge cells. 

First, in a time period TA, the control signal S2 enters 

10 a low level so that the transistor Q2 is turned off, and the 
control signal S3 enters a high level so that the transistor 
Q3 is turned on. At this time, the control signal SI is at 
a low level so that the transistor Ql is turned off, and the 
control signal S4 is at a low level so that the transistor 

15 Q4 is turned off. Consequently, the recovery capacitor CI 
is connected to the recovery coil L through the transistor 
Q3 and the diode Dl, so that the voltage at the node Nl is 
smoothly raised from a ground potential Vg due to LC resonance 
by the recovery coil L and the panel capacitance Cp . At this 

20 time, charges on the recovery capacitor CI are emitted to the 
panel capacitance Cp through the transistor Q3, the diode Dl, 
and the recovery coil L. 

When the voltage at the node Nl is raised, to exceed 
a discharge start voltage in the sustain time period, and the 

25 discharge cell 14 starts the first discharge, the discharge 



intensity LR starts to be increased. Thereafter, the first 
discharge is increased to some extent. When a required 
discharge current exceeds the current supplying capability 
of a circuit comprising the recovery capacitor CI and the 
5 recovery coil L , the voltage at the node Nl is lowered from 
a maximal value Vpu to a minimal value Vpb . Accordingly, the 
first discharge is weakened and correspondingly, the 
discharge intensity LR is also reduced. The saturation of 
the amount of emission of ultraviolet rays starts to be 
10 alleviated by current limitation from the moment the first 
discharge starts to be weakened. Thereafter, the amount of 
saturation of the ultraviolet rays corresponding to the 
discharge current is reduced, resulting in improved luminous 
efficiency. 

15 Then in a time period TB, the control signal SI enters 

a high level so that the transistor Ql is turned on, and the 
control signal S3 enters a low level so that the transistor 
Q3 is turned off. At this time, a current of the control 
signal SI is limited by the current-limiting element IL, and 

20 charges for forming the channel of the transistor Ql are 
gently charged through the gate of the transistor Ql . 
Consequently, the opening speed of the channel of the 
transistor Ql is reduced. Accordingly, the voltage at the 
node Nl is gently raised to Vsus at a rising speed lower than 

25 a rising speed in the time period TA, that is, a rising speed 



( voltage/ time ) from the ground potential Vg to the maximal 
value Vpu. Consequently, an edge portion which is rapidly 
changed is not formed in the sustain pulse Psu, thereby 
restraining the radiation of unnecessary electromagnetic 
5 waves . 

When the radiation of the electromagnetic waves is not 
a problem, the current -limiting element IL may not be 
provided. In this case, the voltage at the node Nl is raised 
to Vsus at a rising speed higher than the rising speed 
10 ( voltage/ time ) from the ground potential Vg to the maximal 
value Vpu. 

When the voltage at the node Nl is raised from the 
minimal value Vpb, to exceed the discharge start voltage 
again, the second discharge is started subsequently the first 

15 discharge in the discharge cell 14, and the discharge 
intensity LR starts to be increased again. At this time, the 
second discharge is induced subsequently to the first 
discharge. At the time of the second discharge, therefore, 
the discharge is easily induced by a priming effect produced 

20 by charged particles, excited atoms, and so forth remaining 
in a discharge space by the first discharge, thereby making 
it possible to stably induce the second discharge. 

At the time of the second discharge, the discharge 
current is not limited from the power supply terminal VI and 

25 is sufficiently supplied. Accordingly, the second discharge 
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has a sufficient intensity, that is, a larger peak value than 
the peak value of the first discharge. Accordingly, wall 
charges required for the subsequent first discharge is then 
sufficiently stored, thereby making it possible to stably 
5 repeat the sustain discharge. 

Thereafter, when the voltage at the node Nl is held at 
Vsus , the second discharge is stopped as in the conventional 
example and correspondingly, the discharge intensity LR is 
also decreased. 

10 When the first and second discharges are induced 

continuously in the discharge cell 14, as described above, 
it is considered that luminous efficiency is improved by the 
following reasons : 

First in the first discharge, charges required for the 

15 discharges are supplied from the recovery capacitor CI 
through the recovery coil L, so that a current to be supplied 
is limited to a value determined by a resonance circuit 
comprising the panel capacitance Cp and the recovery coil L. 
Further, a supply source for the discharge current is the 

20 recovery capacitor CI. When the discharge is increased, 
therefore, sufficient charges cannot be supplied. 
Accordingly, the first discharge is weakened or stopped as 
the voltage at the node Nl is lowered. That is, in the first 
discharge, the minimum charges required for the discharge is 

25 only supplied, unlike the case of discharges by supplying the 

5 7 



U3 



current from the power supply which is connected without 
through an inductance element or the like and to which 
sufficient charges can be supplied. Accordingly, the 
saturation of the amount of emission of ultraviolet rays 
5 starts to be alleviated by current limitation from the moment 
the first discharge starts to be weakened. Thereafter, the 
saturation of the ultraviolet rays corresponding to the 
discharge current is reduced, resulting in improved luminous 
efficiency. Consequently, an extra discharge current which 

10 does not contribute to the emission of a fluorescent member 
in the discharge cell 14 does not flow, thereby making it 
possible to improve luminous efficiency corresponding to 
applied power. 

In the second discharge, a wall voltage is lowered by 

15 the first discharge, so that the discharge is induced in a 
state where an effective voltage applied to the discharge 
space is significantly low, that is, a state where no voltage 
is excessively applied. Accordingly, luminous efficiency is 
also improved to some extent even in the second discharge. 

20 The luminous efficiency can be thus improved by 

continuously inducing the first and second discharge. 
Accordingly, power consumption can be reduced by improving 
luminous efficiency corresponding to applied power. When the 
applied power is not lowered, the power saved by the 

25 improvement in the luminous efficiency can be used for 
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improving display luminance by the increase in the number of 
times of light emission. 

Then in a time period TC , the control signal SI enters 
a low level so that the transistor Ql is turned off, and the 
5 control signal S4 enters a high level so that the transistor 
Q4 is turned on. Consequently, the recovery capacitor CI is 
connected to the recovery coil L through the diode D2 and the 
transistor Q4 , so that the voltage at the node Nl is gently 
lowered due to LC resonance by the recovery coil L and the 

10 panel capacitance Cp. At this time, charges stored in the 
panel capacitance Cp are stored in the recovery capacitor CI 
through the recovery coil L, the diode D2, and the transistor 
Q4, so that the charges are recovered. 

Then in a time period TD , the control signal S2 enters 

15 a high level so that the transistor Q2 is turned on, and the 
control signal S4 enters a low level so that the transistor 
Q4 is turned off. Consequently, the node Nl is connected to 
the ground terminal, so that the voltage at the node Nl is 
lowered and is fixed to the ground potential Vg . 

20 By repeating the above-mentioned operations in the 

sustain time period, the periodical sustain pulses Psu for 
continuously inducing the first and second discharges can be 
applied to the plurality of sustain electrodes 13 at the time 
of the rise from the ground potential Vg to the voltage Vsus . 

25 In the above-mentioned manner , sustain pulses having the same 
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waveform as the sustain pulses Psu and shifted in phase by 

180° therefrom are also periodically applied to the scan 
electrode 12 by the scan driver 5. 

Description is now made of the relationship between a 
5 peak interval between the peak value of the first discharge 
and the peak value of the second discharge and luminous 
efficiency in a case where the first and second discharges 
are continuously induced, as described above. 

Fig. 5 is a diagram showing the relationship between 

10 a peak interval in discharge intensity and luminous 
efficiency in the plasma display device shown in Fig. 1. 
Figs. 6 to 9 are timing charts showing the operation in a 
sustain time period of the sustain driver 6 shown in Fig. 3 
in cases where a peak interval in discharge intensity in the 

15 plasma display device shown in Fig. 1 is 100 ns , 300 ns , 550 
ns, and 600 ns. 

In Fig. 5, luminous efficiency used to enter the 
vertical axis is luminous efficiency (lm/W) corresponding to 
applied power excluding ineffective power, and a peak 

20 interval used to enter the horizontal axis is a peak interval 
(ns) between the peak value of the first discharge and the 
peak value of the second discharge in the discharge intensity 
in the measurements of near infrared rays. Figs. 6 to 9 
illustrate a voltage at the node Nl shown in Fig. 3, discharge 

25 intensity LR in the PDP 7, and the control signals SI to S4 
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inputted to the transistors Ql to Q4 . 

Each of the timing charts shown in Figs. 6 to 9 shows 
a case where the sustain period of the sustain pulse is set 
to a sufficiently long period, and is the same as the timing 
5 chart shown in Fig. 4 except for the timing at which the 
control signal SI is changed to a high level (the timing at 
which the control signal S3 is changed to a low level). 

As shown in Fig. 5, the effect of improving luminous 
efficiency by the first discharge appears when the peak 

10 interval is not less than 100 ns , while being the maximum when 
the peak interval is 300 ns . Thereafter, the effect of 
improving luminous efficiency by the first discharge is 
continued in approximately the maximum state until the peak 
interval reaches 500 ns , and the luminous efficiency is 

15 rapidly decreased when the peak interval exceeds 550 ns . The 
discharged state in each of the peak intervals will be 
described in detail below. 

When the peak interval is first 100 ns , as shown in Fig. 
6, the voltage at the node Nl is smoothly raised from the 

20 ground potential Vg due to LC resonance by the recovery coil 
L and the panel capacitance Cp. When the voltage at the node 
Nl exceeds the discharge start voltage, the first discharge 
is started, so that the discharge intensity LR starts to be 
increased. Thereafter, the first discharge is increased to 

25 some extent. When a required discharge current exceeds the 
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current supplying capability of a circuit comprising the 
recovery capacitor CI and the recovery coil L, the voltage 
at the node Nl is lowered from the maximal value Vpu to the 
minimal value Vpb , so that the first discharge is weakened 
5 and correspondingly, the discharge intensity LR is also 
slightly reduced. The saturation of the amount of emission 
of ultraviolet rays starts to be alleviated by current 
limitation from the moment the first discharge starts to be 
weakened. Thereafter, the saturation of the ultraviolet rays 

10 corresponding to the discharge current is reduced in a time 
period elapsed until the voltage at the node Nl is raised 
again, resulting in improved luminous efficiency. 

When the discharge current is then supplied from the 
power supply terminal VI, and the voltage at the node Nl is 

15 raised again, the second discharge is induced subsequently 
to the first discharge, and the discharge intensity LR is also 
increased. At this time, the second discharge has a 
sufficient intensity, that is, a larger peak value than the 
peak value of the first discharge. Accordingly, wall charges 

20 required for the subsequent first discharge are sufficiently 
stored, thereby making it possible to stably repeat the 
sustain discharges . 

Then, when the peak interval is 300 ns, as shown in Fig. 
7, the minimal value Vpb at the time of the first discharge 

25 is further lowered so that the first discharge is completely 
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terminated once. Thereafter, when the discharge current is 
supplied from the power supply terminal VI, the second 
discharge is induced. The first discharge and the second 
discharge are thus continuously induced in a separated state, 
5 so that the peak value of the second discharge is larger than 
the peak value of the first discharge. 

In this case, the saturation of the amount of emission 
of ultraviolet rays is alleviated by current limitation from 
the moment the first discharge starts to be weakened until 

10 the first discharge is stopped, thereby making it possible 
to completely give the effect of improving luminous 
efficiency by the first discharge. Further, the second 
discharge has a sufficient intensity, that is, a larger peak 
value than the peak value of the first discharge. 

15 Accordingly, wall charges required for the subsequent first 
discharge are sufficiently stored, thereby making it 
possible to stably repeat the sustain discharges. 

Then, when the peak interval is 550 ns, as shown in Fig. 
8, the minimal value Vpb at the time of the first discharge 

20 is lowered to approximately the same voltage as that in the 
case of Fig. 7, so that the first discharge is completely 
terminated once. Thereafter, when the discharge current is 
supplied from the power supply terminal VI after an elapse 
of a predetermined time period, the second discharge is 

25 induced. The first discharge and the second discharge are 
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thus continuously induced in a separated state, so that the 
peak value of the second discharge is approximately equal to 
the peak value of the first discharge. 

In this case, the saturation of the amount of emission 
5 of ultraviolet rays is alleviated by current limitation from 
the moment the first discharge starts to be weakened until 
the first discharge is stopped, thereby making it possible 
to completely give the effect of improving luminous 
efficiency by the first discharge. Further, the second 

10 discharge has a peak value equal to the peak value of the first 
discharge. Accordingly, wall charges required for the 
subsequent first discharge can be stored, thereby making it 
possible to stably repeat the sustain discharges. 

Then, when the peak interval is 600 ns , as shown in Fig. 

15 9, the minimal value Vpb at the time of the first discharge 
is lowered to approximately the same voltage as that in the 
case of Fig. 7, so that the first discharge is completely 
terminated once. Thereafter, when the discharge current is 
supplied from the power supply terminal VI after an elapse 

20 of a predetermined time period, the second discharge is 
induced. The first discharge and the second discharge are 
thus continuously induced in a separated state. Accordingly, 
the peak value of the second discharge is smaller than the 
peak value of the first discharge. 

25 In this case, the first discharge and the second 
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discharge are too separated from each other. When the second 
discharge is induced, therefore, it is impossible to 
sufficiently give the priming effect of the discharge space 
by the first discharge. Accordingly, the second discharge 
5 is smaller than the first discharge, and the discharge 
intensity LR is also reduced. When the sustain discharges 
are repeated at the peak interval, wall charges required for 
the subsequent first discharge are insufficiently formed. 
While the sustain discharges are repeated, the first and 
10 second discharges are gradually decreased, and are not in 
time induced. 

As a result of the foregoing, in order to obtain the 
effect of improving luminous efficiency by the first 
discharge, it is preferable that after the first discharge 

15 is at least weakened by reducing the voltage at the node Nl , 
the voltage at the node Nl is raised again, to induce the 
second discharge. In the case of the present embodiment, it 
is preferable that the peak interval between the peak value 
of the first discharge and the peak value of the second 

20 discharge is not less than 100 ns . 

In order to obtain the repetitive stability of the 
sustain discharges by the second discharges, it is preferable 
that the voltage at the node Nl is raised again to induce the 
second discharge while the priming effect by the first 

25 discharge is obtained. In the case of the present embodiment, 




it is preferable that the peak interval between the peak value 
of the first discharge and the peak value of the second 
discharge is not more than 550 ns. 

Consequently, it is preferable that the peak interval 
5 between the peak value of the first discharge and the peak 
value of the second discharge is not less than 100 ns nor more 
than 550 ns. In this case, it is possible to obtain the effect 
of improving luminous efficiency by the first discharge and 
the repetitive stability of the sustain discharge by the 

10 second discharge. Further, the peak interval between the 
peak value of the first discharge and the peak value of the 
second discharge is preferably not less than 150 ns nor more 
than 550 ns and more preferably, not less than 200 ns nor more 
than 500 ns . In the former case, the effect of improving 

15 luminous efficiency by the first discharge can be further 
enhanced. In the latter case, it is possible to obtain the 
effect of improving luminous efficiency by the first 
discharge almost to its maximum as well as to sufficiently 
obtain the repetitive stability of the sustain discharge by 

20 the second discharge. 

The peak interval between the peak value of the first 
discharge and the peak value of the second discharge is 
preferably not less than 300 ns nor more than 550 ns and more 
preferably, not less than 200 ns nor more than 400 ns. In 

25 the former case, the effect of improving luminous efficiency 
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by the first discharge can be obtained almost to its maximum. 
In the latter case, it is possible to obtain the effect of 
improving luminous efficiency by the first discharge almost 
to its maximum as well as to more sufficiently obtain the 
5 repetitive stability of the sustain discharge by the second 
discharge . Description is now made of the relationship 
between power consumption and luminance in a case where the 
*y first and second discharges are continuously induced, as 

described above. Fig. 10 is a diagram showing the 

CO 

]i3 10 relationship between power consumption and luminance in the 
a fa plasma display device shown in Fig. 1. In Fig. 10, a white 

circle indicates a measured value in a case where the first 
I'* and second discharges are continuously induced by the plasma 

display device according to the present embodiment, and a 
15 black circle indicates a measured value in a case where 
discharges are induced only once as in the conventional 
example as a comparative example. Power consumption (W) used 
to enter the horizontal axis is synthetic power in the sustain 
time period including charge/discharge power for the PDP, and 
20 luminance used to enter the vertical axis (cd/m 2 ) is a 
measured value of luminance actually produced from the PDP. 

As shown in Fig. 10, when a lighting rate on the PDP 
7 is 40 %, it is found that luminance is raised with the same 
power consumption in a case where the first and second 
25 discharges are continuously induced as in the present 
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embodiment, as compared with the conventional case where the 
discharge is induced only once. Specifically, the luminance 
is approximately 452 (cd/m 2 ) when the power consumption is 
approximately 396 (W) in a case where the first and second 
5 discharges are continuously induced, the luminance is 
approximately 451 (cd/m 2 ) when the power consumption is 
approximately 421 (W) in a case where the discharges are 
induced only once. The power consumption can be reduced by 
approximately 6 % by continuously inducing the first and 

10 second discharges . 

When the lighting rate is 70 %, it is found that the 
luminance is significantly raised in the case where the first 
and second discharges are continuously induced, as shown, as 
compared with the conventional case where the discharge is 

15 induced only once. Specifically, the luminance is 

approximately 467 (cd/m 2 ) when the power consumption is 
approximately 599 (W) in a case where the first and second 
discharges are continuously induced, and the luminance is 
approximately 445 (cd/m 2 ) when the power consumption is 

20 approximately 685 (W) in a case where the discharge is induced 
only once. The power consumption can be reduced by 
approximately 12 %. 

It is found that when the first and second discharges 
are thus continuously induced, luminous efficiency 

25 corresponding to applied power is improved depending on the 
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lighting rate, thereby making it possible to further reduce 
power consumption. On the other hand, when the first and 
second discharges are continuously induced, luminous 
efficiency is conversely reduced depending on the lighting 
5 rate, so that power consumption may, in some cases, be 
increased. Therefore, in each of the following embodiments, 
the discharged state is changed depending on the lighting 
rate for each sub-field, and sustain discharges are induced 

fly 

in the most suitable state corresponding to the lighting 



10 rate. 

Description is now made of a plasma display device 
-according to a second embodiment of the present invention. 
Fig. 11 is a block diagram showing the configuration of the 
plasma display device according to the second embodiment of 

15 the present invention. 

The plasma display device shown in Fig. 11 is the same 
as the plasma display device shown in Fig. 1 except that a 
sub-field lighting rate measuring unit 8 is added, and the 
sub-field processor 3 is changed into a sub-field processor 

20 3' for controlling the timing at which a sustain pulse rises 
again depending on a lighting rate for each sub-field. 
Accordingly, the same portions are assigned the same 
reference numerals and hence, only different portions will 
be described in detail below. 

25 The sub-field lighting rate measuring unit 8 shown in 
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Fig. 11 detects the lighting rate of discharge cells 14 which 
are simultaneously driven on a PDP 7 from image data SP for 
each sub-field, and outputs the results of the detection to 
the sub-field processor 3' as a sub-field lighting rate 
5 signal SL . 

The lighting rate is given by the following equation 
if the minimum unit of a discharge space which can be 
\£ independently controlled to enter a lighting/non-lighting 

^ state shall be referred to as a discharge cell: 

10 (Lighting rate) = (Number of discharge cells which are 

v '*' simultaneously turned on) /(Number of all discharge cells on 

;j PDP ) 

^ Specifically, the sub-field lighting rate measuring 

'2 unit 8 separately calculates the lighting rates in all 

15 sub-fields using video signal information decomposed into 
one-bit information representing lighting/non- lighting of 
the discharge cells for each sub-field which are produced by 
a video signal/sub-field corresponder 2, and outputs the 
results of the calculation to the sub-field processor 3' as 
20 the sub-field lighting rate signal SL . 

For example, the sub-field lighting rate measuring unit 
8 has a counter provided therein, and finds the total number 
of discharge cells which are turned on for each sub-field by 
increasing the value of the counter one at a time when the 
25 video signal information decomposed into the one-bit 
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information representing light ing/non- lighting represents 
lighting, and divides the total number by the number of all 
discharge cells on the PDP 7, to find the lighting rate. 

The sub-field processor 3' generates a data driver 
driving control signal DS, a scan driver driving control 
signal CS, and a sustain driver driving control signal US from 
the image data SP, the sub-field lighting rate signal SL , and 
so forth for each sub-field, and respectively outputs the 
signals to a data driver 4, a scan driver 5, and a sustain 
driver 6 . 

The scan driver 5 and the sustain driver 6 change the 
timing at which the sustain pulse rises again in response to 
the sub-field lighting rate signal SL in a sustain time period 
in accordance with the scan driver driving control signal CS 
and the sustain driver driving control signal US, as 
described later. 

Fig. 12 is a block diagram showing the configuration 
of the sub-field processor 3' shown in Fig. 11. The sub- 
field processor 3' shown in Fig. 12 comprises a lighting 
rate/delay time LUT (Look-up Table) 31, a delay time 
determinator 32, a basic control signal generator 33, and 
delay units 34 and 35. 

The lighting rate/delay time LUT 31 is connected to the 
delay time determinator 32, and stores in a table format the 
relationship between a lighting rate and a delay time Td based 



on experimental data. For example, 100 ns is stored as the 
delay time Td with respect to the lighting rate of 0 to 45 %, 
200 ns as the delay time with respect to the lighting rate 
of 45 to 60 %, and 350 ns as the delay time with respect to 
5 the lighting rate of 60 to 100 %. 

Here, the delay time Td is defined, when the time when 
a potential at a sustain electrode 13 is raised to a discharge 
*J3 start voltage Vst at which discharges are induced in 

|=H accordance with a voltage rising curve determined due to 

^ 10 resonance by a recovery coil L and a panel capacitance Cp is 
taken as origin time, as a time period elapsed from the origin 
time until a control signal SI enters a high level. 
Conventionally, the control signal SI is brought into a high 
level at the timing at which the delay time Td reaches 0 ns 
15 to supply a discharge current from a power supply which 
applies a sustain voltage Vsus, thereby accomplishing 
compatibility between the recovery of ineffective power and 
stable discharges . 

The delay time determinator 32 is connected to the delay 
20 units 34 and 35, and reads out the corresponding delay time 
Td from the lighting rate/delay time LUT 31 in response to 
the sub-field lighting rate signal SL outputted from the 
sub-field lighting rate measuring unit 8 and controls the 
delay units 34 and 35 such that a delay operation is performed 
25 for only the delay time Td read out. The determination of 
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the delay time Td is not particularly limited to the example 
in which the relationship between a lighting rate and a delay 
time Td based on experimental data is stored in a table 
format, as described above. The delay time Td corresponding 
5 to the lighting rate may be found from an approximate 
expression representing the relationship between a lighting 
rate and a delay time Td . 

«*: 

s ! 3 The basic control signal generator 33 outputs control 

signals SI to S4 as the sustain driver driving control signal 

i;g 

C< 10 US. The control signals SI and S3 are respectively outputted 
to the delay units 34 and 35, and the control signals S2 and 
j s *j S4 are outputted to the sustain driver 6 as they are. 

The delay unit 34 delays the leading edge of the control 
; s f signal SI by the delay time Td determined by the delay time 

15 determinator 32, and the delay unit 35 delays the falling edge 
of the control signal S3 by the delay time Td determined by 
the delay time determinator 32. The edges are outputted to 
the sustain driver 6. The sustain driver 6 can be operated 
as in the foregoing even if the control signal S3 enters a 
20 low level when the control signal SI enters a low level. In 
this case, the delay unit 35 can be omitted. 

By the above-mentioned configuration, the sub-field 
processor 3' changes the delay time Td depending on the 
lighting rate measured by the sub-field lighting rate 
25 measuring unit 8, and controls the timing at which the control 



signal SI enters a high level and the timing at which the 
control signal S3 enters a low level. 

The present embodiment is the same as the first 
embodiment except that the scan driver 5 and the sustain 
5 driver 6 respectively correspond to first and second driving 
circuits and a driving circuit, the sub-field lighting rate 
measuring unit 8 corresponds to a detection circuit and a 
sub-field lighting rate detection circuit, and the sub-field 
processor 3' corresponds to a control circuit. 
10 The scan driver 5 is controlled by the sub-field 

processor 3' as in the foregoing. Similarly, the timing at 
which the sustain pulse applied to a scan electrode 12 
depending on the lighting rate for each sub-field rises again 
is controlled . 

15 Figs. 13 to 16 are timing charts showing the operation 

in a sustain time period of the sustain driver 6 shown in Fig. 
11 in cases where the delay time Td is 0 ns, 100 ns , 200 ns , 
and 350 ns. Figs. 13 to 16 illustrate a voltage at the node 
Nl shown in Fig. 3, discharge intensity LR in the PDP 7, and 

20 the control signals SI to S4 inputted to the transistors Ql 
to Q4 in a case where the sustain period of the sustain pulse 
is 6 U s . 

Each of timing charts shown in Figs. 13 to 16 is the 
same as the timing chart shown in Fig. 4 except for the timing 
25 at which the control signal SI is changed to a high level (the 




timing at which the control signal S3 is changed to a low 
level) and hence, different points will be described in 
detail below. 

First when the delay time Td is 0 ns, as shown in Fig. 
5 13 , the voltage at the node Nl is smoothly raised from a ground 
potential Vg due to LC resonance by the recovery coil L and 
the panel capacitance Cp in a time period TA. When the voltage 
exceeds the discharge start voltage Vst, sustain discharges 
are induced. At this time, the control signal SI enters a 

10 high level, and the voltage at the node Nl is raised to the 
sustain voltage Vsus supplied from a power supply terminal 
VI. A discharge in which the discharge current is supplied 
from the power supply are induced once, as in the conventional 
example, so that the discharge intensity LR is increased 

15 once. That is, a case where the delay time Td shown in Fig. 
1 is 0 ns indicates a case where the discharge current is 
supplied from the power supply, to induce a discharge once, 
as in the conventional example. 

Then, when the delay time Td is 100 ns , as shown in Fig. 

20 14, the voltage at the node Nl is then smoothly raised from 
the ground potential Vg due to LC resonance by the recovery 
coil L and the panel capacitance Cp in the time period TA. 
When the voltage exceeds a discharge start voltage Vst, a 
first discharge is induced, and the discharge intensity LR 

25 starts to be increased. 
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Thereafter, when the first discharge is increased to 
some extent, and a required discharge current exceeds the 
current supplying capability of a circuit comprising a 
recovery capacity CI and a recovery coil L, the voltage at 
5 the node Nl is lowered from a maximal value Vpu to a minimal 
value Vpb so that the first discharge is weakened and 
correspondingly, the discharge intensity LR is also reduced. 
The saturation of the amount of emission of ultraviolet rays 



starts to be alleviated by current limitation from the moment 

m 

;d 10 the first discharge starts to be weakened. Thereafter, the 
saturation of the ultraviolet rays corresponding to the 
discharge current is reduced in a time period elapsed until 
the voltage at the node Nl is raised again , resulting in 
improved luminous efficiency. 
15 When the timing at which the control signal SI enters 

a high level is delayed by 100 ms from the timing shown in 
Fig. 13, to turn the transistor Ql on, the discharge current 
is supplied from the power supply terminal VI. Consequently, 
the voltage at the node Nl is raised again, the second 
20 discharge is induced subsequently to the first discharge, and 
the discharge intensity LR is also increased again. 

At this time, the second discharge has a sufficient 
intensity, that is, a larger peak value than the peak value 
of the first discharge. Accordingly, wall charges required 
25 for the subsequent first discharge are then sufficiently 
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stored, thereby making it possible to stably repeat the 
sustain discharges . 

Then, when the delay time Td is 200 ns, as shown in Fig. 
15, the first and second discharges are continuously induced, 
5 as in the case of Fig. 14. However, a time period during which 
charges required for the first discharge is supplied from the 
recovery capacitor CI is further lengthened. Therefore, a 
time period during which sufficient charges cannot be 
supplied is lengthened. The minimal value Vpb at the node 

10 Nl is further decreased, so that the first discharge is 
further weakened, and the discharge intensity LR is also 
further reduced. At this time, the saturation of ultraviolet 
rays corresponding to the discharge current is further 
reduced, and the time period is lengthened, resulting in 

15 further improved luminous efficiency. 

When the timing at which the control signal SI enters 
a high level is delayed by 200 ns from the timing shown in 
Fig. 13, to turn the transistor Ql on, charges required for 
a discharge are supplied from the power supply terminal VI 

20 so that the second discharge is induced, and the discharge 
intensity LR is then increased again. When the delay time 
Td is changed from 100 ns to 200 ns, the minimal value Vpb 
at the node Nl is further decreased, so that the first 
discharge and the second discharge enter a more separated 

25 state. Accordingly, luminous efficiency is further improved 
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by the first discharge. 

Then, when the delay time Td is 350 ns, as shown in Fig. 
16, a minimal value Vpb at the time of the first discharge 
is further decreased so that the first discharge is 
5 completely terminated once. Thereafter, when the control 
signal SI enters a high level so that the discharge current 
is supplied from the power supply terminal VI, the second 
discharge is induced. The first discharge and the second 
discharge are thus continuously induced in a too separated 

10 state. Accordingly, the peak value of the second discharge 
is lower than the peak value of the first discharge. 

In this case, the first discharge and the second 
discharge are too separated from each other. When the second 
discharge is induced, therefore, the priming effect in a 

15 discharge space cannot be sufficiently given. Accordingly, 
the second discharge is smaller than the first discharge, and 
the discharge intensity LR is also reduced. When the sustain 
discharges are repeated at the delay time Td, the formation 
of the wall charges required for the subsequent first 

20 discharge is insufficient. Therefore, the first and second 
discharges may, in some cases, be gradually reduced while the 
sustain discharges are repeated, not to be in time induced. 

Description is now made of the relationship between 
power consumption and a lighting rate in each of the delay 

25 times. Fig. 17 is a diagram showing the relationship between 
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an efficiency evaluation value and a lighting rate in each 
of the delay times in the plasma display device shown in Fig. 
11. 

In Fig. 17, a black circle indicates a case where the 
5 delay time Td is 0 ns , a white circle indicates a case where 
the delay time Td is 100 ns, and a black square indicates a 
case where the delay time Td is 200 ns, and a white triangle 
u:l indicates a case where the delay time Td is 350 ns. An 

KH efficiency evaluation value used to enter the vertical axis 

C; 10 is a value using as a reference value of efficiency 
(luminance/power consumption (including charge/discharge 
W power for the PDP)) at the delay time 0 ns in each lighting 

rate and normalized by dividing the value of (luminance/power 
consumption (including charge/discharge power for the PDP) 
15 at each delay time by the reference value. That is, it is 
indicated that the larger the efficiency evaluation value is, 
the smaller the power consumption compared in the same 
luminance is. Further, a lighting rate (%) for each sub- 
field is used to enter the horizontal axis. 
20 As shown in Fig. 17, the power consumption is the lowest 

when the delay time is 0 ns at the lighting rate in the range 
of 0 to 25 %, is the lowest when the delay time is 100 ns at 
the lighting rate in the range of 25 to 45 %, is the lowest 
when the delay time is 200 ns at the lighting rates in the 
25 range of 45 to 60 % and in the range of 85 to 100 %, and is 
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the lowest when the delay time is 350 ns at the lighting rate 
in the range of 60 to 85 %. 

When the lighting rate thus reaches not less than a 
predetermined value, the power consumption is reduced as the 
5 delay time is increased. However, it is found that if the 
delay time is too increased, the efficiency evaluation value 
is decreased and the power consumption is conversely 
increased. 

Fig. 18 is a diagram showing, on the basis of the 

10 relationship between an efficiency evaluation value and a 
lighting rate in each of the delay times shown in Fig. 17, 
the relationship between an efficiency evaluation value and 
a lighting rate in a case where the delay time Td is controlled 
depending on the lighting rate by the sub-field processor 3' . 

15 A solid line shown in Fig. 18 indicates the relationship 

between an efficiency evaluation value and a lighting rate 
in a case where the delay time Td is set to 100 ns when the 
lighting rate is 0 to 45 %, is set to 200 ns when the lighting 
rate is 45 to 60 %, and is set to 350 ns when the lighting 

20 rate is 60 to 100 %. 

That is. Fig. 18 shows a case where the first and second 
discharges are induced, and the delay time Td is increased 
depending on the lighting rate. In this case, the efficiency 
evaluation value is less than one when the lighting rate is 

25 0 to 20 %, so that luminous efficiency is made lower than that 
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in the conventional example. However, in the other lighting 
rate, luminous efficiency is sufficiently improved, thereby 
making it possible to reduce power consumption as a whole. 
A portion indicated by a one-dot and dash line shown 
5 in Fig. 18 indicates the relationship between an efficiency 
evaluation value and a lighting rate in a case where the delay 
time Td is set to 0 ns when the lighting rate is 0 to 25 %. 
That is. Fig. 18 shows a case where the first and second 
discharges are induced when the lighting rate is not less than 

10 a predetermined value, for example, 25 %, and the discharge 
current is supplied from the power supply terminal VI to 
induce discharges once, as in the conventional example, when 
the lighting rate is less than the predetermined value (25 %) . 
In this case, the efficiency evaluation value is one when the 

15 lighting rate is 0 to 25 %, thereby making it possible to 
further reduce power consumption. 

A portion indicated by a two-dot and dash line in Fig. 
18 indicates the relationship between an efficiency 
evaluation value and a lighting rate in a case where the delay 

20 time Td is set to 200 ns when the lighting rate is 85 to 100 %. 
That is. Fig. 18 shows a case where the delay time Td is 
decreased when the lighting rate is not less than a 
predetermined value, for example, 85 %. In this case, the 
efficiency evaluation value is further improved with respect 

25 to the lighting rate of 85 to 100 %, thereby making it possible 



to further reduce power consumption. 

When the timing at which the sustain pulse Psu rises 
again, that is, the control signal SI enters a high level is 
thus controlled depending on the lighting rate, various types 
5 of control can be carried out depending on characteristics 
between the lighting rate in the PDP and the power 
consumption. Various types of control can be carried out. 
For example, the delay time Td is successively increased as 
the lighting rate is increased. A discharge is induced once, 

10 as in the conventional example, until the lighting rate 
reaches not less than a predetermined value, and the first 
and second discharges are induced when the lighting rate 
reaches not less than the predetermined value. The delay time 
Td is shortened when the lighting rate is further increased 

15 to not less than the predetermined value after the delay time 
Td is increased as the lighting rate is increased. 

When the delay time is increased to not less than the 
predetermined value, the discharges may, in some cases, be 
unstable. In this case, however, the discharges can be stably 

20 and continuously induced by supplying charges to the recovery 
capacitor CI from the exterior and decreasing the frequency 
of the sustain pulse in the sustain time period. 

Furthermore, when the discharge is induced only once, 
as in the conventional example, luminous efficiency is not 

25 improved, and luminance is not also changed. When a rapid 
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change from a state where the discharge is induced only once 
to a state where the first and second discharges are induced 
is made, luminous efficiency is rapidly changed and the 
luminance on the PDP 7 is also rapidly changed. Accordingly, 
5 an uncomfortable feeling may, in some cases, be visually 
given. However, control is carried out such that as the 
lighting rate for each sub-field is increased, the timing at 
which the control signal SI enters a high level is 
successively delayed. The luminance is successively 

10 increased by making a gradual change from the discharge 
induced once to the first and second discharges, thereby 
giving no visually uncomfortable feeling. 

It goes without saying that the same effect is obtained 
even if used as control for switching from discharge induced 

15 once to the first and second discharges such that no visually 
uncomfortable feeling is given is control for switching by 
changing the level of a video signal in signal processing to 
make the difference between luminance obtained by the 
discharges induced once and luminance obtained by the first 

20 and second discharges inconspicuous in addition to the 
above-mentioned control . 

As described in the foregoing, in the present 
embodiment, the first and second discharges are continuously 
induced when the sustain pulse rises, thereby making it 

25 possible to improve luminous efficiency corresponding to 
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applied power to reduce power consumption. Further, the 
timing at which the sustain pulse rises again is controlled 
depending on the lighting rate for each sub-field, thereby 
making it possible to gradually improving luminous 
efficiency to reduce power consumption in a state where there 
is no visually uncomfortable feeling. 

The lighting rate in the sub-field where one time of 
light emission is switched to two times of light emission is 
not particularly limited if power consumption can be 
synthetically reduced and there is no visually uncomfortable 
feeling . 

Description is now made of another sustain driver which 
is applied to the plasma display device shown in Fig. 1 or 
11. Fig. 19 is a circuit diagram showing another 
configuration of the sustain driver shown in Fig. 1 or 11. 
A sustain driver 6 ' shown in Fig. 19 is the same as the sustain 
driver 6 shown in Fig. 3 except that a recovery coil LL and 
a diode DD are added in series between a node N2 and a node 
Nl. Accordingly, the same portions are assigned the same 
reference numerals and hence, the detailed description 
thereof is not omitted. When the sustain driver 6' shown in 
Fig. 19 is applied to the plasma display device shown in Fig. 
1, the scan driver 5 is also changed in the same manner as 
described below. 

In the sustain driver 6' shown in Fig. 19, the recovery 
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coil LL and the diode DD are connected in series between the 
node N2 and the node Nl, and a recovery coil L and the recovery 
coil LL are connected in parallel therebetween. When a 
current flows from the node Nl to the node N2 , therefore, both 
5 the recovery coils L and LL contribute to a LC resonating 
operation. When the current flows from the node N2 to the 
node Nl, the current flowing through the recovery coil LL is 
limited by the diode DD, and only the recovery coil L 
contributes to the LC resonating operation. 

10 Fig. 20 is a timing chart showing the operation in a 

sustain time period of the sustain driver 6' shown in Fig. 
19. The timing chart shown in Fig. 20 is the same as the timing 
chart shown in Fig. 4 except that a time period TB is extended 
and correspondingly, a time period TC is shortened. 

15 Accordingly, different points will be described in detail 
below . 

In a time period TA, a current flowing through the 
recovery coil LL from a recovery capacitor CI is limited by 
the diode DD, and a current flowing from a recovery capacitor 

20 CI flows only through the recovery coil L. Consequently, only 
the recovery coil L contributes to an LC resonating 
operation, the rise waveform of a sustain pulse Psu is the 
same as the waveform in the sustain driver 6 shown in Fig. 
3. A time period during which the sustain pulse Psu is held 

25 at a voltage Vsus in the time period TB is extended only by 
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a shortened part of the time period TC. 

Then in the time period TC, a current flowing through 
the recovery coil LL is not limited by the diode DD , and both 
the recovery coils L and LL contribute to the LC resonating 
5 operation. Consequently, LC resonance occurs by a composite 
inductance value of the recovery coils L and LL which is lower 
than the inductance value of the recovery coil L . 
Accordingly, the period of LC resonance is shorted, and the 
sustain pulse Psu sharply falls in a short time period. 

10 As described in the foregoing, the time period TC is 

shortened, and the time period TB is extended by the shortened 
part of the time period TC , thereby making it possible to 
extend a time period during which the sustain pulse Psu is 
held at the voltage Vsus . Consequently, a time period during 

15 which wall charges are formed after the second discharge can 
be sufficiently ensured, thereby making it possible to stably 
form the wall charges. As a result, it is possible to improve 
the lighting stability in the sustain time period. 

Description is now made of a plasma display device 

20 according to a third embodiment of the present invention. 
Fig. 21 is a block diagram showing the configuration of the 
plasma display device according to the third embodiment of 
the present invention. 

The plasma display device shown in Fig. 21 is the same 

25 as the plasma display device shown in Fig. 11 except that the 
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sub-field processor 3' is changed into a sub-field processor 
3a for controlling a scan driver 5a and a sustain driver 6a 
such that the sub-field processor 3a induces a third 
discharge subsequently to first and second discharges in a 
5 sustain time period, and a voltage control circuit 9 for 
controlling a voltage of a sustain pulse depending on a 
lighting rate for each sub-field is added. Accordingly, the 
^ same portions are assigned the same reference numerals and 

j:^ hence, only different portions will be described in detail 

10 below. 

^ The sub-field processor 3a shown in Fig. 21 generates 

i " 1 1 

"*! a scan driver driving control signal CS and a sustain driver 

^ driving control signal US for inducing the third discharge 



subsequently to the first and second discharges in the 
15 sustain time period from image data SP, a sub-field lighting 
rate signal SL, and so forth for each sub-field, and 
respectively outputs the signals to a scan driver 5a and a 
sustain driver 6a in addition to the normal operation of the 
sub-field processor 3' shown in Fig. 11. 
20 The voltage control circuit 9 receives the sub-field 

lighting rate signal SL outputted from a sub-field lighting 
rate measuring unit 8, and outputs voltage control signals 
VC and VU for controlling the voltage of the sustain pulse, 
respectively, to the scan driver 5a and the sustain driver 
25 6a depending on the lighting rate for each sub-field. 
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The sustain driver 6a shown in Fig. 21 will be now 
described in detail. Fig. 22 is a circuit diagram showing 
the configuration of the sustain driver 6a shown in Fig. 21. 
The scan driver 5a in the present embodiment is configured 
5 and operated similarly to the sustain driver 6a. 
Accordingly, the detailed description of the scan driver 5a 
is not repeated and hence, only the sustain driver 6a will 
be described in detail below. 

The sustain driver 6a shown in Fig. 22 is the same as 

10 the sustain driver 6 shown in Fig. 3 except that transistors 
Q5 and Q6 , a diode D3 , a coil LI , a capacitor C2 , and a variable 
voltage source VR are added. Accordingly, the same portions 
are assigned the same reference numerals and hence, only 
different portions will be described in detail below. 

15 As shown in Fig. 22, the capacitor C2 is connected 

between a node N4 and a ground terminal. The transistor Q5 , 
the diode D3 , and the coil LI are connected in series between 
the node N4 and a node Nl . The transistor Q6 has its one end 
connected to the node N4 and has the other end connected to 

20 one end of the variable voltage source VR. The control signal 
S5 is inputted to the gate of the transistor Q6 , and a control 
signal S6 is inputted to the gate of the transistor Q6 . The 
other end of the variable voltage source VR is connected to 
the ground terminal, to change an output voltage in response 

25 to the voltage control signal VU outputted from the voltage 
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control circuit 9. 

The present embodiment is the same as the second 
embodiment except that the scan driver 5a and the sustain 
driver 6a correspond to a driving circuit, first to third 
5 driving circuits and a final driving circuit, the sub-field 
processor 3a corresponds to a control circuit, the capacitor 
C2 corresponds to a second capacitive element, the variable 
voltage source VR corresponds to a voltage source and a 
variable voltage source, the voltage control circuit 9 

10 corresponds to a voltage control circuit, the capacitor C2 , 
the coil LI, the transistors Q5 and Q6 , the diode D3, and the 
variable voltage source VR correspond to a second driving 
circuit, and a transistor Ql , a current-limiting element IL 
and a power supply terminal VI correspond to a third driving 

15 circuit . 

Fig. 23 is a timing chart showing the operation in a 
sustain time period of the sustain driver 6a shown in Fig. 
22. Fig. 23 illustrates a voltage at the node Nl shown in 
Fig. 22, discharge intensity LR in a PDP 7, and control 
20 signals SI to S6 inputted to transistors Ql to Q6 . Each of 
the control signals SI to S6 is a signal outputted from the 
sub-field processor 3a as the sustain driver driving control 
signal US. 

First in a time period TA, the control signals S2 and 
25 S6 enter a low level so that the transistors Q2 and Q6 are 




turned off, and the control signal S3 enters a high level so 
that the transistor Q3 is turned on. At this time, the control 
signal SI is at a low level so that the transistor Ql is turned 
off, the control signal S4 is at a low level so that the 
5 transistor Q4 is turned off, and the control signal S5 is at 
a low level so that the transistor Q5 is turned off. 
Consequently, a recovery capacitor CI is connected to a 
recovery coil L through the transistor Q3 and a diode Dl, so 
that the voltage at the node Nl is smoothly raised from a 
10 ground potential Vg due to LC resonance by the recovery coil 
L and a panel capacitance Cp . At this time, charges on the 
recovery capacitor CI are emitted to the panel capacitance 
Cp through the transistor Q3 , the diode Dl, and the recovery 
coil L. 

15 When the voltage at the node Nl is raised, to exceed 

a discharge start voltage in the sustain time period, and the 
first discharge is started in discharge cells 14, the 
discharge intensity LR starts to be increased. Thereafter, 
the first discharge is increased to some extent. When a 

20 required discharge current exceeds the current supplying 
capability of a circuit comprising the recovery capacitor CI 
and the recovery coil L, the voltage at the node Nl is lowered 
from a first maximal value Vpul to a first minimal value Vpbl . 
Accordingly, the first discharge is weakened or stopped and 

25 correspondingly, the discharge intensity LR is also reduced. 
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Then in a time period TB , the control signal S5 enters 
a high level so that the transistor Q5 is turned on, and the 
control signal S3 enters a low level so that the transistor 
Q3 is turned off. Consequently, the capacitor C2 is connected 
5 to the coil LI through the transistor Q5 and the diode D3 , 
and the voltage at the node Nl is smoothly raised again due 
to LC resonance by the coil LI and the panel capacitance Cp . 
At this time, charges on the capacitor C2 are emitted to the 
panel capacitance Cp through the transistor Q5, the diode D3 , 

10 and the coil LI. 

A voltage at the capacitor C2 is charged by the variable 
voltage source VR when the transistor Q6 is turned on in a 
time period TE, as described later, and is set to a value 
higher than an intermediate potential between the first 

15 minimal value Vpbl and a second maximal value Vpu2 . 
Consequently, the voltage at the node Nl is raised to the 
second maximal value Vpu2 from the first minimal value Vpbl 
due to LC resonance. 

When the voltage at the node Nl is raised, to exceed 

20 the discharge start voltage again, and the discharge cells 
14 start the second discharge, the discharge intensity LR 
starts to be increased. Thereafter, the second discharge is 
increased to some extent . When a required discharge current 
exceeds the current supplying capability of a circuit 

25 comprising the capacitor C2 , the transistor Q5 , the diode D3 , 
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and the coil LI, the voltage at the node Nl is lowered to a 
second minimal value Vpb2 from the second maximal value Vpu2 . 
Accordingly, the second discharge is weakened or stopped and 
correspondingly, the discharge intensity LR is also reduced. 
5 Then in a time period TC , the control signal SI enters 

a high level so that the transistor Ql is turned on, and the 
control signal S5 enters a low level so that the transistor 
Q5 is turned off. At this time, a current of the control 
signal SI is limited by the current- limiting element IL, and 

10 charges for forming the channel of the transistor Ql are 
gently charged through the gate of the transistor Ql . 
Consequently, the opening speed of the channel of the 
transistor Ql is reduced. Accordingly, the voltage at the 
node Nl is gently raised to Vsus at a rising speed lower than 

15 rising speeds in the time periods TA and TB, that is, a rising 
speed from the ground potential Vg to the first maximal value 
Vpul and a rising speed from the first minimal value Vpbl to 
the second maximal value Vpu2. Consequently, an edge portion 
which is sharply changed is not formed in the sustain pulse 

20 Psu, thereby restraining the radiation of unnecessary 
electromagnetic waves . 

At this time, when the voltage at the node Nl is raised 
from the second minimal value Vpb2, to exceed the discharge 
start voltage again, third discharge is induced subsequently 

25 to the second discharge in the discharge cells 14, and the 
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discharge intensity LR also starts to be increased again. 
Thereafter, when the voltage at the node Nl is held at Vsus, 
the third discharge is stopped, as in the conventional 
example, and correspondingly, the discharge intensity LR is 
5 also reduced. 

Then in a time period TD, the control signal SI enters 
a low level so that the transistor Ql is turned on, and the 
control signal S4 enters a high level so that the transistor 
Q4 is turned on. Consequently, the recovery capacitor CI is 

10 connected to the recovery coil L through the diode D2 and the 
transistor Q4 , so that the voltage at the node Nl is gently 
lowered due to LC resonance by the recovery coil L and the 
panel capacitance Cp . At this time, charges stored in the 
panel capacitance Cp are stored in the recovery capacitor CI 

15 through the recovery coil L, the diode D2 and the transistor 
Q4 , so that the charges are recovered. 

Then in a time period TE , the control signals S2 and 
S6 enter a high level so that the transistors Q2 and Q6 are 
turned on, and the control signal S4 enters a low level so 

20 that the transistor Q4 is turned off. Consequently, the node 
Nl is connected to the ground terminal, so that the voltage 
at the node Nl is lowered and is fixed to the ground potential 
Vg. Further, the variable voltage source VR is connected to 
the capacitor C2 through the node N4 , so that the capacitor 

25 C2 is charged to a voltage higher than an intermediate 




potential between the first minimal value Vpbl and the second 
maximal value Vpu2 . 

By repeatedly performing the above-mentioned 
operations in the sustain time period, periodical sustain 
5 pulses Psu for continuously inducing the first to third 
discharges can be applied to the plurality of sustain 
electrodes 13 at the time of the rise from the ground 
potential Vg to the voltage Vsus . In the above-mentioned 
manner, sustain pulses which have the same waveform as the 
10 sustain pulses Psu and are shifted by a phase of 180Q are also 
periodically applied to scan electrodes 12 by the scan driver 
5a . 

An operation for controlling the waveform of a sustain 
pulse depending on a lighting rate for each sub-field will 

15 be then described. In the following description, description 
is made of such an operation that the sustain driver 6a is 
controlled by the sub-field processor 3a, to control the 
waveform of the sustain pulse Psu. The scan driver 5a is also 
controlled by the sub-field processor 3a in the same manner 

20 as described below. Similarly, the waveform of the sustain 
pulse applied to the scan electrodes 12 is controlled 
depending on the lighting rate for each sub-field. 

In the sub-field processor 3a, a discharge is induced 
only once, as in the conventional example, when the lighting 

25 rate measured by the sub-field lighting rate measuring unit 
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8 is lower than a predetermined value. That is, the voltage 
of the sustain pulse is raised due to resonance by the 
recovery coil L and the panel capacitance Cp, so that a 
discharge for supplying a discharge current from a power 
5 supply for applying the sustain voltage Vsus is induced once, 
to induce first to third discharges when the lighting rate 
is not less than the predetermined value. At this time, as 

'Qi 

the lighting rate is increased, the timing at which the 

i!w 

sustain pulse Psu rises again in response to the sub-field 
10 lighting rate signal SL , that is, the timing at which the 

tit; 

control signals S5 and SI enter a high level (and the control 
y signals S3 and S5 enter a low level) is successively changed 

such that the respective discharges are induced in a more 
separated state, to control the sustain driver 6a. 
15 When the lighting rate is less than the predetermined 

value in a certain sub-field, the timing at which the control 
signals S5 and SI enter a high level is advanced, or the timing 
at which the control signal SI enters a high level after the 
control signal S5 is always brought into a low level, that 
20 is, the second driving circuit in the present embodiment is 
brought into a non-operated state is advanced. The voltage 
of the sustain pulse is raised due to resonance by the 
recovery coil L and the panel capacitance Cp so that a 
discharge for supplying a discharge current from the power 
25 supply for feeding the sustain voltage Vsus is induced once. 
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to induce discharges only once, as in the conventional 
example. On the other hand, when the lighting rate is 
increased, the timing at which the control signals S5 and SI 
enter a high level is successively delayed. Accordingly, a 
5 second discharge is induced after the first discharge is 
weakened or stopped, and a third discharge is induced after 
the second discharge is weakened or stopped. 

Also in the present embodiment, therefore, control is 
carried out such that as the lighting rate for each sub-field 

10 is increased, the timing at which the control signals S5 and 
SI enter a high level is successively delayed, as in the 
second embodiment. Luminance is successively increased by 
making a gradual change from the discharge induced once to 
the first to third discharges, to give no visually 

15 uncomfortable feeling. It goes without saying that the same 
effect is obtained even if used as control for switching from 
the discharge induced once to the first to third discharges 
is control for switching by changing the level of a video 
signal in signal processing to make the difference between 

20 the luminance obtained in the discharge induced once and the 
luminance obtained in the first to third discharges 
inconspicuous in addition to the above-mentioned control of 
successively delaying the timing at which the control signals 
S5 and SI enter a high level. 

25 The lighting rate in the sub-field where switching from 
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the discharge induced once to the first to third discharges 
occurs is not particularly limited, provided that power 
consumption can be synthetically reduced, and there is no 
visually uncomfortable feeling. In the present embodiment, 
5 when the lighting rate is not less than 25 %, for example, 
the respective timings at which the control signals S5 and 
SI enter a high level such that a change from the discharge 
induced once to the first to third discharges is made when 
the lighting rate is not less than 25 %, for example. 

10 An operation for controlling the voltage of the sustain 

pulse depending on the lighting rate for each sub-field will 
be then described. In the following description, description 
is made of such an operation that the sustain driver 6a is 
controlled by the voltage control circuit 9, to control the 

15 voltage of the sustain pulse Psu. However, the scan driver 
5a is also controlled by the voltage control circuit 9 in the 
same manner as described below, so that the voltage of the 
sustain pulse applied to the scan electrode 12 is similarly 
controlled depending on the lighting rate for each sub-field. 

20 When the lighting rate is increased, the required 

discharge current is increased so that the voltage at the node 
Nl is greatly lowered, so that the first minimal value Vpbl 
is decreased. When the lighting rate is reduced, the required 
discharge current is decreased so that the voltage drop at 

25 the node Nl is reduced, so that the first minimal value Vpbl 
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is increased. On the other hand, in order to raise the voltage 
at the node Nl to the second maximal value Vpu2 due to LC 
resonance by the coil LI and the panel capacitance Cp, the 
voltage at the node N4 must be made higher than an 
5 intermediate potential between the first minimal value Vpbl 
and the second maximal value Vpu2 . 

In order to raise the voltage at the node Nl to the 
original second maximal value Vpu2 such that the second 
discharge can be stably induced, therefore, the voltage at 

10 the node N4 must be lowered only by Av/2 when the lighting 
rate is increased so that the first minimal value Vpbl is 

decreased only by Ay, while the voltage at the node N4 must 
be raised only by Av/2 when the lighting rate is reduced so 
that the first minimal value Vpbl is increased by A V. 

15 Therefore, in the present embodiment, the voltage of the 
sustain pulse Psu is controlled depending on the lighting 
rate, in the following manner, in order to stably induce the 
second discharge. 

The voltage control circuit 9 controls the variable 

20 voltage source VR in the sustain driver 6a in accordance with 
the sub-field lighting rate signal SL such that the lighting 
rate measured by the sub-field lighting rate measuring unit 
8 reaches not less than a predetermined value, and the higher 
the lighting rate is, the lower an output voltage of the 

25 variable voltage source VR is when the first to third 
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discharges are induced. 

When in a certain sub-field, the lighting rate is 
increased so that the first minimal value Vpbl is decreased, 
the voltage control circuit 9 outputs the voltage control 
signal VU to the variable voltage source VR such that the 
higher the lighting rate is, the lower the output voltage of 
the variable voltage source VR is* At this time, the variable 
voltage source VR lowers the output voltage in response to 
the voltage control signal VU, to lower the voltage at the 
node N4 . Even if the first minimal value Vpbl is decreased, 
therefore, the voltage at the node Nl can be raised to the 
original second maximal value Vpu2, thereby making it 
possible to continuously stably induce a second discharge. 

On the other hand, when the lighting rate is decreased, 
the voltage control signal VU for raising the output voltage 
at the variable voltage source VR is outputted depending on 
the lighting rate, so that the voltage at the node N4 is 
raised. Even if the first minimal value Vpbl is increased, 
therefore, the voltage at the node Nl can be raised to the 
original second maximal value Vpu2 , thereby making it 
possible to continuously stably induce the second discharge. 

As described in the foregoing, in the present 
embodiment, the first to third discharges are continuously 
induced when the sustain pulse rises, thereby making it 
possible to improve luminous efficiency corresponding to 



applied power to reduce power consumption. Further, the 
timing at which the sustain pulse rises again is controlled 
depending on the lighting rate for each sub-field, thereby 
making it possible to gradually improve luminous efficiency 
5 to reduce power consumption in a state where there is no 
visually uncomfortable feeling. Further, the voltage of the 
sustain pulse is controlled depending on the lighting rate 

Z Z- l 

*i3 for each sub-field, thereby making it possible to stably 

m 

£H induce the second discharges in a simple circuit 

i3 10 configuration. 

x 

M* Although description was made of a case where the first 

J: 

;H to third discharges are continuously induced, the number of 

i\ times of continuous discharges is not limited to that in the 

J B f above-mentioned example. The continuous discharges may be 

15 induced not less than the number of times. In this case, a 
driving circuit comprising the capacitor C2 , the transistors 
Q5 ad Q6 , the diode D3, the variable voltage source VR , and 
the coil LI shown in Fig. 22 is successively added for the 
purpose of the respective discharges, thereby making it 
20 possible to continuously induce the discharges in the same 
manner as described above. 

When the discharges are continuously induced, the 
waveform of a portion, where the last discharge is induced, 
of the sustain pulse is constructed as follows. Fig. 24 is 
25 a diagram showing the waveform of the sustain pulse Psu in 
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a case where the voltage of the sustain pulse is successively 
raised and is finally raised to the voltage Vsus due to a 
plurality of times of LC resonance. 

As shown in Fig. 24, the sustain pulse Psu is raised 
5 by a voltage A VI during a time period Atl and is then lowered 
at the first step, and is raised by a voltage AV2 during a 
time period At2 at the subsequent step. The sustain pulse 
Psu is thus successively raised due to LC resonance, and is 

finally raised by a voltage AVn during a time period Atn. 
10 The sustain pulse Psu is raised from a ground potential Vg 
to the voltage Vsus. At this time, the current value of the 
control signal SI inputted to the gate of the transistor Ql 
M : is limited by the current-limiting element IL such that a 

rising speed AVn/Atn at the final step is the lowest of 
15 rising speeds Avi/Atl, A V2/ A 1 2 , , A Vn- 1/ A tn- 1 of the 
sustain pulse Psu in each step. 

The rising waveform in each step of the sustain pulse 
Psu is thus composed of a plurality of smooth overshoot 
waveforms due to LC resonance, and can be also gently raised 
20 when the sustain pulse Psu finally reaches the voltage Vsus 
at the power supply terminal VI. Consequently, an edge 
portion which is sharply changed as in the conventional 
example is not formed, thereby making it possible to restrain 
the radiation of unnecessary electromagnetic waves. 
25 Description is now made of a plasma display device 
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according to a fourth embodiment of the present invention. 
Fig. 25 is a block diagram showing the configuration of the 
plasma display device according to the fourth embodiment of 
the present invention. 
5 The plasma display device shown in Fig. 25 is the same 

as the plasma display device shown in Fig. 21 except that the 
voltage control circuit 9 is changed into a voltage control 
circuit 9a, and minimal value detectors 10a and 10b are added. 
Accordingly, the same portions are assigned the same 
10 reference numerals and hence, only different portions will 
be described in detail below. 

The minimal value detector 10a shown in Fig. 25 detects 
a minimal value of a sustain pulse in a sustain time period 
i;v3 of each scan electrode 12, and outputs the results of the 

15 detection to the voltage control circuit 9a as a minimal value 
signal MC . The minimal value detector 10b detects a minimal 
value of a sustain pulse in a sustain time period of a sustain 
electrode 13, and outputs the results thereof to the voltage 
control circuit 9a as a minimal value signal MU. 
20 The voltage control circuit 9a respectively outputs a 

voltage control signal VC for controlling an output voltage 
of a variable voltage source in a scan driver 5a and a voltage 
control signal VU for controlling an output voltage of a 
variable voltage source VR in a sustain driver 6a to the scan 
25 driver 5a and the sustain driver 6a in response to the minimal 
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value signals MC and MU . The subsequent operations of the 
scan driver 5a and the sustain driver 6a and an operation for 
controlling the waveform of the sustain pulse depending on 
a lighting rate for each sub-field are the same as those in 
5 the third embodiment and hence, the detailed description 
thereof is omitted. 

The present embodiment is the same as the third 
embodiment except that the voltage control circuit 9a 
corresponds to a voltage control circuit, and the minimal 
u3 10 value detectors 10a and 10b correspond to a potential 
s j2 detection circuit . 

j;2 An operation for controlling a voltage of a sustain 

W pulse depending on a lighting rate for each sub- field will 

be described. In the following description, description is 
15 made of such an operation that the sustain driver 6a is 
controlled by the voltage control circuit 9a, to control a 
voltage of a sustain pulse Psu. However, the scan driver 5a 
is controlled by the voltage control circuit 9a in the same 
manner as described below. The voltage of the sustain pulse 
20 applied to each of the scan electrodes 12 is controlled 
depending on a first minimal value of the sustain pulse in 
the sustain time period of the scan electrode 12 which is 
detected by the minimal value detector 10a. 

The voltage control circuit 9a controls the variable 
25 voltage source VR in the sustain driver 6a depending on the 
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minimal value signal MU such that the lower a first minimal 
value Vpbl detected by the minimal value detector 10b is, the 
lower the output voltage of the variable voltage source VR 
is . 

When the lighting rate is increased so that the first 
minimal value Vpbl is decreased in a certain sub-field, for 
example, the voltage control circuit 9a outputs the voltage 
control signal VU to the variable voltage source VR such that 
the lower the first minimal value Vpbl is, the lower the 



.Via 

_*i"3 10 output voltage at the variable voltage source VR is and 
specifically, the output voltage is lowered by Av/2 when the 
fci first minimal value Vpbl is lowered by Av. At this time, 

the variable voltage source VR lowers the output voltage in 
response to the voltage control signal VU, to lower a voltage 
15 at a node N4 . Even if the first minimal value Vpbl is 
decreased, therefore, a voltage at a node Nl can be raised 
to the original second maximal value Vpu2, thereby making it 
possible to continuously stably induce a second discharge. 
On the other hand, when the lighting rate is reduced 
20 so that the first minimal value Vpbl is increased, the voltage 
control circuit 9a outputs the voltage control signal VU to 
the variable voltage source VR such that the higher the first 
minimal value Vpbl is, the higher the output voltage of the 
variable voltage source VR is and specifically, the output 
25 voltage is raised by Av/2 when the first minimal value Vpbl 
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is raised by Av. At this time, the variable voltage source 
VR raises the output voltage in response to the voltage 
control signal VU, to raise the voltage at the node N4 . Even 
if the first minimal value Vpbl is increased, therefore, the 
5 voltage at the node Nl can be raised to the original second 
maximal value Vpu2 , thereby making it possible to 
continuously stably induce the second discharge. 

Although also in the present embodiment, the same effect 
as that in the third embodiment can be obtained, and the first 
10 minimal value of the sustain pulse is directly detected, as 
>\Z described above, the second maximal value can be adjusted 

Q with higher precision, thereby making it possible to more 



■\*& stably induce the second discharge. 



Description is now made of a plasma display device 
15 according to a fifth embodiment of the present invention. 
Fig. 26 is a block diagram showing the configuration of the 
plasma display device according to the fifth embodiment of 
the present invention. 

The plasma display device shown in Fig. 26 is the same 
20 as the plasma display device shown in Fig. 11 except that the 
sub-field processor 3' is changed into a sub-field processor 
3b for switching the respective timings at which sustain 
pulses outputted from a scan driver 5 and a sustain driver 
6 rise again in response to a sub-field lighting rate signal 
25 and controlling the scan driver 5 and the sustain driver 6 
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so as to change the number of sustain pulses such that 
luminance on a PDP 7 is equal before and after the switching. 
Accordingly, the same portions are assigned the same 
reference numerals and hence, only different portions will 
5 be described in detail below. 

The sub-field processor 3b shown in Fig. 26 generates 
a scan driver driving control signal CS and a sustain driver 
*i3 driving control signal US for increasing and decreasing the 

m 

^ number of sustain pulses such that in a case where the timing 

■m 

*i3 10 at which the sustain pulse is increased again is switched. 



the luminance is equal before and after the switching, and 
respectively outputs the signals to the scan driver 5 and the 
sustain driver 6 in addition to the normal operation of the 
sub-field processor 3' shown in Fig. 11. 

15 Fig. 27 is a block diagram showing the configuration 

of the sub-field processor 3b shown in Fig. 26. The sub- 
field processor 3b shown in Fig. 27 is the same as the 
sub-field processor 3 f shown in Fig. 12 except that a delay 
time/multiplication factor LUT 36, a multiplication factor 

20 determinator 37, and a number-of -pulses calculator 38 are 
added, and the basic control signal generator 33 is changed 
into a basic control signal generator 33a. Accordingly, the 
same portions are assigned the same reference numerals and 
hence, the detailed description thereof is omitted. 

25 The delay time/multiplication factor LUT 36 shown in 
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Fig. 27 is connected to the multiplication factor 
determinator 37, and stores in a table format the 
relationship between a delay time Td and a multiplication 
factor based on experimental data. For example, one is stored 
as the multiplication factor with respect to the delay time 
Td of 100 ns, and 431/439 is stored as the multiplication 
factor with respect to the delay time Td of 200 ns. 

The multiplication factor determinator 37 is connected 
to a delay time determinator 32 and the number-of -pulses 



10 calculator 38, and reads out a corresponding multiplication 
^ factor from the delay time/multiplication factor LUT 36 



depending on the delay time Td determined by the delay time 
determinator 32 and outputs the read multiplication factor 
to the number-of -pulses calculator 38. The determination of 

15 the multiplication factor is not particularly limited to the 
example in which the relationship between a delay time Td and 
a multiplication factor based on experimental data is stored 
in a table format, as described above. For example, the 
multiplication factor corresponding to the delay time may be 

20 found from an approximate expression representing the 
relationship between a delay time Td and a multiplication 
factor . 

The number-of -pulses calculator 38 is connected to the 
basic control signal generator 33a, and outputs to the basic 
25 control signal generator 33a the number of sustain pulses 
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adjusted by multiplying the number of sustain pulses to be 
a reference number by the multiplication factor determined 
by the multiplication factor determinator 37. 

The basic control signal generator 33a outputs control 
5 signals SI to S4 as the sustain driver driving control signal 
US such that the sustain driver 6 outputs the adjusted number 
of sustain pulses. 

By the above-mentioned configuration, the sub-field 
processor 3b changes the delay time Td depending on a lighting 

10 rate measured by a sub-field lighting rate measuring unit 8, 
and controls the timing at which the control signal SI enters 
a high level and the timing at which the control signal S3 
enters a low level and controls the number of sustain pulses 
outputted from the sustain driver 6. 

15 The scan driver 5 is also controlled by the sub-field 

processor 3b, as in the foregoing. The waveform and the 
number of sustain pulses applied to the scan electrodes 12 
are similarly controlled depending on the lighting rate for 
each sub-field. 

20 The present embodiment is the same as the second 

embodiment except that the sub-field processor 3b 
corresponds to a control circuit. 

In a case where the PDP having the characteristics shown 
in Fig. 17 is used, to set the delay time Td to 100 ns when 

25 the lighting rate is 25 to 45 % and set the delay time Td to 
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200 ns when it is 45 to 60 %, for example, the luminance is 
changed from 431 cd/m 2 to 439 cd/m 2 at the lighting rate of 
4 5 %, that is, the luminance is changed by 8 cd/m 2 . 

In order to correct such a change in the luminance, the 
5 sub-field processor 3b switches the delay time and at the same 
time, corrects the number of sustain pulses after the 
switching to 431/439 times the original number . For example, 
it is changed into 98 ( % 100 X 431/439 ) pulses when the number 
of sustain pulses is 100, while being changed into 147 ( ^ 
W 10 50 X 431/439) pulses when the number of sustain pulses is 
T 150. 

By thus correcting the number of pulses , the luminance 
is equal before and after switching the delay time, thereby 
making it possible to switch the delay time, that is, the 
15 timing at which the sustain pulse rises again without giving 
a visually uncomfortable feeling. 

When the luminance differs before and after the 
switching, as described above, the delay time may be 
gradually switched without being greatly changed at a time 
20 and changed such that the luminance is almost continued. 

For example, the delay time Td may be set to 100 ns in 
a case where the lighting rate is 25 to 45 %, as described 
above, and successively increased by 10 ns every time the 
lighting rate is thereafter increased by 1 % utilizing the 
25 continuity of a video signal so that the delay time is 200 
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ns when the lighting rate is 55 %. In this case, the change 
in the luminance before and after switching the delay time 
is very small, for example, 2.4 ( = (455 - 431/10) cd/m 2 , 
thereby making it possible to control the delay time, that 
5 is, the timing at which the sustain pulse rises again 
depending on the lighting rate without giving a visually 
uncomfortable feeling . 

Description is now made of the relationship between a 
complete lighting voltage at which all discharge cells on the 
j^J 10 PDP are turned on by first and second discharges and a 
S! ! lighting rate. Fig. 28 is a diagram showing the relationship 

1:3 

v : j between a complete lighting voltage and a lighting rate. Fig. 

|a 28 illustrates the relationship between a complete lighting 

Uii voltage (V) and a lighting rate (%) in a case where the delay 

15 time Td is 350 ns and the inductance value of a recovery coil 
L is 0.36 Us using a 42-inch PDP, where a black circle 
indicates a case where the sustain period is 6 Ms, a black 
square indicates a case where the sustain period is 7 lis, 
and a black rhombus indicates a case where the sustain period 

20 is 8 Ms. 

As can be seen from Fig. 28, the longer the sustain 
period becomes, the lower the complete lighting voltage 
becomes. Consider a case where the PDP is driven at a 
practical voltage, for example, 185 V. In this case, when 
25 the sustain period is 6 Us, some of the discharge cells in 



110 




m 

m 



the PDP are not turned on occur when the lighting rate exceeds 
80 %, thereby making it impossible to induce stable sustain 
discharges. When the sustain period is 7 Ms, all the 
discharge cells can be turned on with respect to all lighting 
5 rates. If the variation; in the PDP, for example, is 
considered, however, a sufficient margin cannot be ensured. 

On the other hand, when the sustain period is 8 Ms, all 
the discharge cells can be stably turned on by inducing the 
first and second discharges in all the discharge cells with 
10 respect to all the lighting rates while ensuring a sufficient 
margin. The sustain period is thus changed depending on the 
lighting rate, thereby making it possible to ensure the 
stability of the sustain discharges in a case where the first 
u& and second discharges are induced. The embodiment will be 

15 described below. 

Description is now made of a plasma display device 
according to a sixth embodiment of the present invention. 
Fig. 29 is a block diagram showing the configuration of the 
plasma display device according to the sixth embodiment of 
20 the present invention. 

The plasma display device shown in Fig. 29 is the same 
as the plasma display device shown in Fig. 11 except that the 
sub-field processor 3' is changed into a sub-field processor 
3c. Accordingly, the same portions are assigned the same 
25 reference numerals and hence, only different portions will 
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be described in detail below. 

The sub-field processor 3c shown in Fig. 29 generates 
a scan driver driving control signal CS and a sustain driver 
driving control signal US for changing a sustain period in 
5 response to a sub-field lighting rate signal SL outputted 
from a sub-field lighting rate measuring unit 8, and 
respectively outputs the signals to a scan driver 5 and a 
sustain driver 6 in addition to the normal operation of the 
sub-field processor 3' shown in Fig. 11. 

10 Fig. 30 is a block diagram showing the configuration 

of the sub-field processor 3c shown in Fig. 29. The sub- 
field processor 3c shown in Fig. 30 is the same as the 
sub-field processor 3' shown in Fig. 12 except that a lighting 
rate/sustain period LUT and a sustain period determinator 40 

15 are added, and the basic control signal generator 33 is 
changed into a basic control signal generator 33b. 
Accordingly, the same portions are assigned the same 
reference numerals and hence, the detailed description 
thereof is omitted. 

20 The lighting rate/sustain period LUT 39 shown in Fig. 

30 is connected to the sustain period determinator 40, and 
stores in a table format the relationship between a lighting 
rate and a sustain period based on experimental data. For 
example, 6 Ms is stored as the sustain period with respect 

25 to the lighting rate of less than 80 %, and 8 Ms is stored 
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as the sustain period with respect to the lighting rate of 
not less than 80 %. 

The sustain period determinator 40 is connected to the 
basic control signal generator 33b # and reads out the 
5 corresponding sustain period from the lighting rate/sustain 
period LUT 39 in response to the sub-field lighting rate 
signal SL outputted from the sub-field lighting rate 
measuring unit 8 and outputs the read sustain period to the 
basic control signal generator 33b. The determination of 

10 the sustain period is not particularly limited to the example 
in which the relationship between a lighting rate and a 
sustain period based on experimental data is stored in a table 
format, as described above. For example, the sustain period 
corresponding to the lighting rate may be found by an 

15 approximate expression representing the relationship 
between a lighting rate and a sustain period, for example, 
by fixing a sustain period corresponding to a lighting rate 
of not more than 60 % to 6 Ms, fixing a sustain period 
corresponding to a lighting rate of 100 % to 8 Us, and 

20 approximating a lighting rate from 60 % to 100 % using a linear 
expression . 

The basic control signal generator 33b outputs control 
signals SI to S4 as the sustain driver driving control signal 
US such that the sustain pulses are outputted in the sustain 
25 period determined by the sustain period determinator 40. 
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By the above-mentioned configuration, the sub- field 
processor 3c changes a delay time Td depending on the lighting 
rate measured by the sub-field lighting rate measuring unit 
8, and controls the timing at which the control signal SI 
5 enters a high level and the timing at which the control signal 
S3 enters a low level and controls the sustain period of the 
sustain pulses outputted from the sustain driver 6. 

The scan driver 5 is also controlled by the sub-field 
processor 3c in the same manner as described above. 
10 Similarly, the waveform and the period of the sustain pulses 
applied to the scan electrodes 12 are controlled depending 
on the lighting rate for each sub-field. 

The present embodiment is the same as the second 
embodiment except that the sub- field processor 3c 
15 corresponds to a control circuit . 

Fig. 31 is a timing chart showing the operation in a 
sustain time period of the sustain driver 6 shown in Fig. 29 
in a case where the delay time Td is 350 ns and the sustain 

period is 8 Us. Fig. 31 illustrates a voltage at the node 
20 Nl shown in Fig. 3, discharge intensity LR in a PDP 7, and 
the control signals SI to S4 inputted to transistors Ql to 
Q4. 

When the delay time Td is 350 ns , and the sustain period 

is 8 l± S, as shown in Fig. 31, first and second discharges 
25 are continuously induced, as in Fig. 16. However, the sustain 
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period is long. Accordingly, a wall voltage is sufficiently 
formed by the second discharge, thereby making the first 
discharge and the second discharge after a half period more 
reliable. As a result, the second discharge can sufficiently 
5 have a priming effect produced by the first discharge, and 
the second discharge has a sufficient intensity, that is, a 
peak value larger than the peak value of the first discharge. 
Accordingly, sustain discharges can be stably repeated. 

Fig. 32 is a diagram showing the relationship between 
10 an efficiency evaluation value and a lighting rate in cases 

where the sustain period is 6 lis and 8 fi s in the plasma 
display device shown in Fig. 29. In Fig. 32, a white triangle 

indicates a case where the sustain period is 6 fi s , a black 
triangle indicates a case where the sustain period is 8 U 
15 s, and both the delay times are 350 ns . 

As shown in Fig. 32, the efficiency evaluation value 
in a case where the sustain period is 8 li s when the lighting 
rate is in the range of 80 to 100 % is higher than that in 

a case where the sustain period is 6 Ms. When the lighting 
20 rate thus reaches not less than a predetermined value, it is 

found that power consumption in a case where the same 

luminance is displayed can be reduced by lengthening the 

sustain period. 

Fig. 33 is a diagram showing the relationship between 
25 an efficiency evaluation value and a lighting rate in a case 
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where the sustain period is switched from 6 l± s to 8 lis when 
the lighting rate reaches not less than 80 % by the sub-field 
processor 3c on the basis of the relationship between an 
efficiency evaluation value and a lighting rate shown in Fig. 
5 32. 

A solid line shown in Fig. 33 indicates the relationship 
between an efficiency evaluation value and a lighting rate 
vn in a case where power consumption is reduced to its minimum 

i;g in control of the delay time corresponding to the lighting 

f.A 10 rate described using Fig. 18, that is, the relationship 



between an efficiency evaluation value and a lighting rate 
in cases where the delay time Td is set to 0 ns when the 
lighting rate is 0 to 25 %, is set to 100 ns when the lighting 
rate is 25 to 45 %, is set to 200 ns when the lighting rate 
15 is 45 to 60 %, is set to 350 ns when the lighting rate is 60 
to 85 %, and is set to 200 ns when the lighting rate is 85 

to 100 %, and the sustain period is set to 6 At s with respect 
to all the lighting rates. 

Then, a portion indicated by a one-dot and dash line 
20 shown in Fig. 33 indicates the relationship between an 
efficiency evaluation value and a lighting rate in a case 
where the delay time Td is changed into 350 ns when the 
lighting rate is 80 to 100 %, and the sustain period is changed 

into 8 tfs. That is. Fig. 33 shows a case where the sustain 
25 period is lengthened when the lighting rate is not less than 
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a predetermined value, for example, 80 %. In this case, the 
efficiency evaluation value is further increased when the 
lighting rate is in the range of 80 to 100 %, and power 
consumption can be further reduced. 
5 Description is now made of a plasma display device 

according to a seventh embodiment of the present invention. 
Fig. 34 is a block diagram showing the configuration of the 
plasma display device according to the seventh embodiment of 
the present invention. 

10 The plasma display device shown in Fig. 34 is the same 

as the plasma display device shown in Fig. 29 except that the 
sub-field processor 3C is changed into a sub-field processor 
3d. Accordingly, the same portions are assigned the same 
reference numerals and hence, only different portions will 

15 be described in detail below. 

The sub-field processor 3d shown in Fig. 34 generates 
a scan driver driving control signal CS and a sustain driver 
driving control signal US for increasing or decreasing the 
number of sustain pulses such that in a case where a sustain 

20 period is switched, luminance is equal before and after the 
switching, and respectively outputs the signals to a scan 
driver 6 and a sustain driver 6 in addition to the normal 
operation of the sub-field processor 3c shown in Fig. 29. 
Fig. 35 is a block diagram showing the configuration 

25 of the sub-field processor 3d shown in Fig. 34. The sub- 
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field processor 3d shown in Fig. 35 is the same as the 
sub-field processor 3c shown in Fig. 30 except that a sustain 
period/multiplication factor LUT 41, a multiplication factor 
determinator 42, and a number-of -pulses calculator 43 are 
added, and the basic control signal generator 33b is changed 
into a basic control signal generator 33c. Accordingly, the 
same portions are assigned the same reference numerals and 
hence, the detailed description thereof is omitted. 



£q The sustain period/multiplication factor LUT 41 shown 

\'i 10 in Fig. 35 is connected to the multiplication factor 
determinator 42, and stores in a table format the 
S| relationship between a sustain period and a multiplication 

f.£ factor based on experimental data. For example, one is stored 

H= as the multiplication factor with respect to the sustain 

15 period of 6 Us, 1/1.006 is stored as the multiplication 
factor with respect to the sustain period of 7 Ms, 1/1.012 
is stored as the multiplication factor with respect to the 

sustain period of 8 pi s 

The multiplication factor determinator 42 is connected 

20 to a sustain period determinator 40 and the number-of -pulses 
calculator 43, and reads out the corresponding 
multiplication factor from the sustain 

period/multiplication factor LUT 41 depending on the sustain 
period determined by the sustain period determinator 40 and 

25 outputs the read multiplication factor to the number-of- 
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pulses calculator 43. The determination of the 

multiplication factor is not particularly limited to the 
example in which the relationship between a sustain period 
and a multiplication factor based on experimental data is 
5 stored in a table format, as described above. The 
multiplication factor corresponding to the sustain period 
may be found from an approximate expression representing the 
relationship between a sustain period and a multiplication 
factor . 

10 The number-of -pulses calculator 43 is connected to the 

basic control signal generator 33c, and outputs to the basic 
control signal generator 33c the number of sustain pulses 
adjusted by multiplying the number of sustain pulses to be 
a reference number by the multiplication factor determined 

15 by the multiplication factor determinator 42. 

The basic control signal generator 33c outputs control 
signals SI to S4 as the sustain driver driving control signal 
US such that the sustain driver 6 outputs the sustain pulses 
in the adjusted number. 

20 By the above-mentioned configuration, the sub-field 

processor 3d controls a delay time Td and a sustain period 
depending on a lighting rate measured by a sub-field lighting 
rate measuring unit 8, and controls the number of sustain 
pulses outputted from the sustain driver 6. 

25 The scan driver 5 is also controlled by the sub-field 
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processor 3d in the same manner as described above, so that 
the waveform, the period, and the number of sustain pulses 
applied to scan electrodes 12 are similarly controlled 
depending on the lighting rate for each sub-field. 
5 The present embodiment is the same as the second 

embodiment except that the sub-field processor 3d 
corresponds to a control circuit. 

In a case where the PDP having the characteristics shown 
in Fig. 17 is used, the luminance is increased by 0.6 % when 

10 the sustain period is lengthened by 1 Us, for example. In 
order to correct such a change in the luminance, the sub- 
field processor 3d switches the sustain period and at the same 
time, corrects the number of sustain pulses after the 
switching. For example, when the sustain period is switched 

15 from 6 Ms to 8 Ms, the number of sustain pulses after the 
switching is changed into 99 100 - 100 X 0.012) when the 

number of sustain pulses is 100, while being changed into 148 

150 - 150 X 0.012) when the number of sustain pulses is 

150. 

20 By thus correcting the number of pulses, the luminance 

is equal before and after switching the sustain period, 
thereby making it possible to switch the delay time Td and 
the sustain period without giving a visually uncomfortable 
feeling. Although description was made of a case where the 

25 sustain period is switched once, the same effect can be 
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obtained, when the sustain period is switched a plurality of 
number of times, by carrying out the same control as described 
above at the time of each switching. 

When the luminance differs before and after the 
5 switching, as described above, the period may be gradually 
switched without being greatly changed at a time and changed 
such that the luminance is almost continued. 

For example, such control that the sustain period is 

extended only by 0.1 Ms every time the lighting rate is 
10 increased by 1 % utilizing the continuity of a video signal 

instead of switching the sustain period from 6 tt s to 8 U 

s at a lighting rate of 80 % may be carried out. In this case, 

the change in the luminance before and after switching the 

period is very small, for example, 0.06 (= 1.2/20) %, thereby 
15 making it possible to switch the delay time Td and the sustain 

period depending on the lighting rate without giving a 

visually uncomfortable feeling. 

Description is now made of a plasma display device 

according to an eighth embodiment of the present invention. 
20 Fig. 36 is a block diagram showing the configuration of the 

plasma display device according to the eighth embodiment of 

the present invention. 

The plasma display device shown in Fig. 36 is the same 

as the plasma display device shown in Fig. 29 except that the 
25 sub-field processor 3c is changed into a sub-field processor 
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3e. Accordingly, the same portions are assigned the same 
reference numerals and hence, only different portions will 
be described in detail below. 

The sub-field processor 3e shown in Fig. 36 generates 
5 a scan driver driving control signal CS and a sustain driver 
driving control signal US for changing the ratio of two types 
of sustain pulses which differ in a delay time Td and a sustain 
period in the same sub-field depending on a lighting rate for 
each sub-field such that luminance is equal, when the delay 
10 time Td and the sustain period are switched, before and after 
the switching, and respectively outputs the signals to a scan 
driver 6 and a sustain driver 6 in addition to the normal 
operation of the sub-field processor 3c shown in Fig. 29. 
\*i Fig. 37 is a block diagram showing the configuration 

15 of the sub-field processor 3e shown in Fig. 36. The sub- 
field processor 3c shown in Fig. 37 is the same as the 
sub-field processor 3c shown in Fig. 30 except that a lighting 
rate/number-of -changed pulses LUT 44 and a number-of -changed 
pulses determinator 45 are added, and the delay time 
20 determinator 32, the sustain period determinator 40, and the 
basic control signal generator 33b are respectively changed 
into a delay time determinator 32a, a sustain period 
determinator 40a, and a basic control signal generator 33d. 
Accordingly, the same portions are assigned the same 
25 reference numerals and hence, the detailed description 
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thereof is omitted. 

The lighting rate/number-of -changed pulses LUT 44 
shown in Fig. 37 is connected to the number-of -changed pulses 
determinator 45, and stores in a table format the 
5 relationship between a lighting rate and the number of 
changed pulses based on experimental data. For example, a 
value which is 0 when the lighting rate is 35 %, is 1 when 
the lighting rate is 45 %, and increases in proportion to the 
increase in the lighting rate, i.e., 0 to 1 is stored as the 

10 number of changed pulses with respect to the lighting rate 
of 35 to 45 %. Similarly, 0 to 1 is stored as the number of 
changed pulses with respect to the lighting rate of 55 to 65 %, 
0 to 1 is stored as the number of changed pulses with respect 
to the lighting rate of 80 to 90 %, and 0 is stored as the 

15 number of changed pulses with respect to the other lighting 
rates . 

In a case where in the same sub-field, discharge cells 
are first discharged in a first discharged state by applying 
first sustain pulses, and are then discharged in a second 

20 discharged state different from the first discharged state 
by applying second sustain pulses different from the first 
sustain pulses, the number of changed pulses is the ratio of 
the number of times of application of the second sustain 
pulses to the number of times of application of all the 

25 sustain pulses in the same sub- field. When the number of 
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changed pulses is zero, therefore, only the first sustain 
pulses are applied in the same sub-field. The number of 
application of the second sustain pulses increases as the 
number of changed pulses increase. When the number of changed 
5 pulses is one, only the second sustain pulses are applied in 
the same sub-field. 

The number-of -changed pulses determinator 4 5 is 
connected to the delay time determinator 32a and the sustain 
period determinator 40a, and reads out the corresponding 

10 number of changed pulses from the lighting rate/number- 
of-changed pulses LUT 44 in response to a sub-field lighting 
rate signal SL outputted from a sub-field lighting rate 
measuring unit 8 and outputs the read number of changed pulses 
to the delay time determinator 32a and the sustain period 

15 determinator 40a. The determination of the number of changed 
pulses is not particularly limited to the example in which 
the relationship between a lighting rate and the number of 
changed pulses based on experimental data is stored in a table 
format, as described above. For example, the number of 

20 changed pulses corresponding to the lighting rate may be 
found from an approximate expression representing the 
relationship between a lighting rate and the number of 
changed pulses. 

In the present embodiment, a lighting rate/delay time 

25 LUT 31 stores values, for example, 0 ns as a first delay time 
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Tdl with respect to the lighting rate of 0 to 35 %, 0 ns as 
a first delay time Tdl and 200 ns as a second delay time Td2 
with respect to the lighting rate of 35 to 45 %, 200 ns as 
a first delay time Tdl with respect to the lighting rate of 
5 45 to 55 % # 200 ns as a first delay time Tdl and 350 ns as 
a second delay time Td2 with respect to the lighting rate of 
55 to 65 %, 350 ns as a first delay time Td with respect to 
the lighting rate of 65 to 80 t, 350 ns as a first delay time 
Tdl and 200 ns as a second delay time Td2 with respect to the 

10 lighting rate of 80 to 90 %, and 200 ns as a first delay time 
Tdl with respect to the lighting rate of 90 to 100 %. 

The first delay time Tdl is a delay time Td of the first 
sustain pulses in a case where in the same sub-field, 
discharge cells are first discharged in a first discharged 

15 state by applying the first sustain pulses, and are then 
discharged in a second discharged state different from the 
first discharged state by applying second sustain pulses 
different from the first sustain pulses. The second delay 
time Td2 is a delay time Td of the second sustain pulses in 

20 this case. 

The reason why the second delay time Td2 is not stored 
with respect to the lighting rates of 0 to 35 %, 45 to 55 %, 
65 to 80 %, and 90 to 100 % is that at the lighting rates, 
only the first sustain pulses are applied, and the second 

25 sustain pulses are not applied in the same sub-field, so that 
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the second delay time Td2 is not required in the present 
embodiment . 

The delay time determinator 32a is connected to delay 
units 34 and 35, and reads out the corresponding first and 
5 second delay times Tdl and Td2 from the lighting rate/delay 
time LUT 31 in response to the sub-field lighting rate signal 
SL outputted from the sub-field lighting rate measuring unit 
8 and outputs one of the first and second delay times Tdl and 
Td2 as a delay time Td to the delay units 34 and 35 such that 

10 the first and second sustain pulses are applied in the same 
sub-field depending on the number of changed pulses outputted 
from the number- of -changed pulses determinator 45, and 
controls the delay units 34 and 35 so as to perform a delay 
operation only for the delay time Td. 

15 Specifically, the delay time determinator 32a outputs 

the first delay time Tdl such that all the sustain pulses in 
the sustain time period become the first sustain pulses and 
outputs the second delay time Td2 such that the number of 
times of application of the second sustain pulses increases 

20 as the number of changed pulses increases when the number of 
changed pulses is zero in the sustain time period in the same 
sub-field, for example, outputs the first delay time Tdl such 
that first 80 % of the sustain pulses in the sustain time 
period are the first sustain pulses and then outputs the 

25 second delay time Td2 such that the remaining 20 % of the 
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sustain pulses are the second sustain pulses when the number 
of changed pulses is 0.2, and finally outputs the second delay 
time Td2 such that all the sustain pulses in the sustain time 
period become the second sustain pulses when the number of 
changed pulses is one. Consequently, in the sustain time 
period in the same sub-field, two types of first and second 
sustain pulses which differ in the delay time can be applied 
at a ratio corresponding to the number of changed pulses. 

In the present embodiment, a lighting rate/sustain 



10 period LUT 39 stores values, for example, 6 It s as a first 
sustain period with respect to the lighting rate of 0 to 35 %, 

Ci 6 U s as a first sustain period and 7 MS as a sustain period 

[ SJ & with respect to the lighting rate of 35 to 45 %, 7 U s as a 

ll first sustain period with respect to the lighting rate of 45 

15 to 55 %, 7 Ms as a first sustain period and 8 fi s as a second 
sustain period with respect to the lighting rate of 55 to 65 % , 
8 fl s as a first sustain period with respect to the lighting 
rate of 65 to 80 %, 8 fx s as a first sustain period and 7 l± 
s as a second sustain period with respect to the lighting rate 

20 of 80 to 90 %, and 7 U s as a first sustain period with respect 
to the lighting rate of 90 to 100 %. 

The first sustain period is the sustain period of the 
first sustain pulses in a case where in the same sub-field, 
the discharge cells are first discharged in a first 

25 discharged state by applying the first sustain pulses, and 
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are then discharged in a second discharged state different 
from the first discharged state by applying the second 
sustain pulses different from the first sustain pulses. The 
second sustain period is the sustain period of the second 
5 sustain pulses in this case. 

The reason why the second sustain period is not stored 
with respect to the lighting rates of 0 to 35 %, 45 to 55 %, 
65 to 80 %, and 90 to 100 % is that in the cases of the lighting 
rates, only the first sustain pulses are applied and the 

10 second sustain pulses are not applied in the same sub-field, 
so that the second sustain periods are not required in the 
present embodiment . 

The sustain period determinator 40a is connected to the 
basic control signal generator 33d, and reads out the 

15 corresponding first and second sustain periods from the 
lighting rate/sustain period LUT 39 in response to the 
sub-field lighting rate signal SL outputted from the sub- 
field lighting rate measuring unit 8 and outputs one of the 
first and second sustain periods to the basic control signal 

20 generator 33d such that the first and second sustain pulses 
are applied in the same sub-field depending on the number of 
changed pulses outputted from the number-of -changed pulses 
determinator 45. 

Specifically, the sustain period determinator 40a 

25 outputs the first sustain period such that all the sustain 
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pulses in the sustain time period become the first sustain 
pulses and outputs the second sustain period such that the 
number of times of application of the second sustain pulses 
increases as the number of changed pulses increases when the 
5 number of changed pulses is zero in the sustain time period 
in the same sub-field, for example, outputs the first sustain 
period such that first 80 % of the sustain pulses in the 
Jfjf sustain time period are the first sustain pulses and then 

jllj outputs the second sustain period such that the remaining 20 % 

^1 

10 of the sustain pulses are the second sustain pulses when the 

'f number of changed pulses is 0*2, and finally outputs the 

P 

%g second sustain period such that all the sustain pulses in the 

j ( & sustain time period become the second sustain pulses when the 

u- number of changed pulses is one. Consequently, in the sustain 

15 time period in the same sub- field, two types of first and 
second sustain pulses which differ in the sustain period can 
be applied at a ratio corresponding to the number of changed 
pulses. 

The basic control signal generator 33d outputs control 
20 signals SI to S4 as the sustain driver driving control signal 
US such that the sustain driver 6 outputs the sustain pulses 
in the sustain period determined by the sustain period 
determinator 40a. 

By the above-mentioned configuration, the sub-field 
25 processor 3e controls the delay time and the sustain period 
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of the sustain pulses depending on the lighting rate measured 
by the sub-field lighting rate measuring unit 8, and controls 
the ratio of the number of times of application of the second 
sustain pulses to the number of times of application of the 
5 first sustain pulses in the same sub-field depending on the 
number of changed pulses. Since the number of sustain pulses 
in the sustain time period in each sub-field is determined 
to be a predetermined number, the numbers of times of 
application of the first and second sustain pulses cannot, 

10 in some cases, be necessarily set at a ratio corresponding 
to the number of changed pulses. In this case, however, the 
settable number of times of application closest to the ratio 
corresponding to the number of changed pulses is set. 

The scan driver 5 is also controlled by the sub-field 

15 processor 3e in the same manner as described above. 
Similarly, the delay time and the sustain period of the 
sustain pulses applied to the scan electrode 12 are 
controlled depending on the lighting rate for each sub-field, 
and ratio of the number of times of application of the second 

20 sustain pulses to the number of times of application of the 
first sustain pulses in the same sub-field is controlled 
depending on the number of changed pulses. 

The present embodiment is the same as the second 
embodiment except that the sub-field processor 3e 

25 corresponds to a control circuit . 
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In a case where the PDP having the characteristics shown 
in Fig. 17 is used, the luminance becomes discontinuous by 
switching the delay time and the sustain period, as described 
in the fourth and sixth embodiments. Accordingly, a viewer 
5 may, in some cases, feel the change in the luminance as a 
flicker. The reason for this is that the delay time and the 
sustain period of all the sustain pulses in the sub-field are 
y simultaneously changed. 

!?1 In the present embodiment, two types of first and second 

Q 10 sustain pulses which differ in the delay time and the sustain 
period are changed in the same sub- field depending on the 
lighting rate for each sub-field in the following manner by 
the above-mentioned configuration, thereby restraining a 
large change in the luminance so that the viewer does not feel 
15 the flicker. 

First, when the lighting rate is 0 to 35 %, first sustain 
pulses having a delay time of 0 ns and having a sustain period 

of 6 l± s are applied in each sub-field. That is, only one 
type of sustain pulses for inducing discharges once are 
20 applied in the sustain time period in the same sub-field. 

On the other hand, when the lighting rate is 45 to 55 %, 
first sustain pulses having a delay time of 200 ns and having 

a sustain period of 1 Us are applied in each sub-field. That 
is, only one type of sustain pulses for inducing first and 
25 second discharges are applied in the sustain time period in 
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the same sub-field. 

When the lighting rate is 35 to 45 %, first sustain 
pulses having a delay time of 0 ns and having a sustain period 

of 6 fJL s (sustain pulses in a case where the lighting rate 
5 is 0 to 35 %) and second sustain pulses having a delay time 

of 200 ns and having a sustain period of 1 (is (sustain pulses 
in a case where the lighting rate is 45 to 55 %) are applied 
at a ratio corresponding to the lighting rates in each 
sub-field. That is, the first sustain pulses for inducing 

10 discharges induced once and the second sustain pulses for 
inducing the first and second discharges in the sustain time 
period in the same sub- field are applied at a ratio 
corresponding to the lighting rates. 

Specifically, when the lighting rate is 35 %, the 

15 sustain pulses are applied such that the ratio of the first 
sustain pulses to the second sustain pulses is 100 : 0. When 
the lighting rate is increased, the number of times of 
application of the first sustain pulses is decreased and the 
number of times of application of the second sustain pulses 

20 is increased in the sustain time period in the same sub- field 
with the increase in the lighting rate. When the lighting 
rate is 37 %, for example, the respective numbers of times 
of application of the first and second sustain pulses are 
controlled such that first 80 % of the sustain time period 

25 are the first sustain pulses and the remaining 20 % thereof 
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are the second sustain pulses. Finally, when the lighting 
rate is 45 %, the sustain pulses are applied such that the 
ratio of the first sustain pulses to the second sustain pulses 
is 0 : 100. 

5 In switching the delay time and the sustain period, the 

ratio of the sustain pulses before the switching to the 
sustain pulses after the switching is thus gradually changed 
)*£ depending on the lighting rate. Accordingly, all the sustain 

;4; pulses in the same sub-field are not simultaneously switched. 

]"i 10 In switching from the discharge induced once to the first and 

J*' 

second discharges, the luminance is continuously changed, 
J!j thereby making it possible to prevent a flicker from being 

[ aA produced. 

l2 Then, when the lighting rate is 65 to 80 %, first sustain 

15 pulses having a delay time of 350 ns and having a sustain 

period of 8 At s are applied in each sub-field. That is, only 
one type of sustain pulses for inducing first and second 
discharges are applied in the sustain time period in the same 
sub-field. 

20 When the lighting rate is 55 to 65 %, first sustain 

pulses having a delay time of 200 ns and having a sustain 

period of 7 l± s (sustain pulses in a case where the lighting 
rate is 45 to 55 %) and second sustain pulses having a delay 

time of 350 ns and having a sustain period of 8 Us (sustain 
25 pulses in a case where the lighting rate is 65 to 80 %) are 
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applied at a ratio corresponding to the lighting rates. That 
is, the first sustain pulses for inducing the first and second 
discharges and the second sustain pulses, having a longer 
delay time and a longer sustain period, for inducing the first 
5 and second discharges in the sustain time period in the same 
sub-field are applied at a ratio corresponding to the 
lighting rates. 



10 sustain pulses to the second sustain pulses is 100 : 0. When 



the lighting rate is increased, the number of times of 
application of the first sustain pulses is decreased and the 
number of times of application of the second sustain pulses 
is increased in the sustain time period in the same sub-field 

15 with the increase in the lighting rate. When the lighting 
rate is 57 %, for example, the respective numbers of times 
of application of the first and second sustain pulses are 
controlled such that first 80 % of the sustain time period 
are the first sustain pulses and the remaining 20 % thereof 

20 are the second sustain pulses. Finally, when the lighting 
rate is 65 %, the sustain pulses are applied such that the 
ratio of the first sustain pulses to the second sustain pulses 
is 0 : 100. 



25 ratio of the sustain pulses before the switching to the 




sustain pulses are applied such that the ratio of the first 



Specifically, when the lighting rate is 55 %, the 



In switching the delay time and the sustain period, the 
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sustain pulses after the switching is thus gradually changed 
depending on the lighting rate in the same sub- field. 
Accordingly, all the sustain pulses in the same sub-field are 
not simultaneously switched. In switching from the first and 
5 second discharges at a short time interval to the first and 
second discharges at a long time interval, the luminance is 
continuously changed, thereby making it possible to prevent 
a flicker from being produced. 

Finally, when the lighting rate is 90 to 100 %, first 
10 sustain pulses having a delay time of 200 ns and having a 

sustain period of 1 Us are applied in each sub-field. That 
is, only one type of sustain pulses for inducing the first 
and second discharges are applied in the sustain time period 
in the same sub-field. 
15 When the lighting rate is 80 to 90 %, first sustain 

pulses having a delay time of 350 ns and having a sustain 

period of 8 tt s (sustain pulses in a case where the lighting 
rate is 65 to 80 %) and second sustain pulses having a delay 

time of 200 ns and having a sustain period of 7 itts (sustain 
20 pulses in a case where the lighting rate is 90 to 100 %) are 
applied at a ratio corresponding to the lighting rates in each 
sub-field. That is, the first sustain pulses for inducing 
first and second discharges and the second sustain pulses, 
having a shorter delay time and a shorter sustain period than 
25 the first sustain pulses, for inducing first and second 
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discharges are applied at a ratio corresponding to the 
lighting rates in the sustain time period in the same 
sub-field . 

Specifically, when the lighting rate is 80 %, the 
5 sustain pulses are applied such that the ratio of the first 
sustain pulses to the second sustain pulses is 100 : 0. When 
the lighting rate is increased, the number of times of 
U3 application of the first sustain pulses is decreased and the 

number of times of application of the second sustain pulses 
;W 10 is increased in the sustain time period in the same sub-field 
with the increase in the lighting rate. When the lighting 
?;*! rate is 82 %, for example, the respective numbers of times 

;l of application of the first and second sustain pulses are 

]'i controlled such that first 80 % of the sustain time period 

15 are the first sustain pulses and the remaining 20 % thereof 
are the second sustain pulses. Finally, when the lighting 
rate is 90 %, the sustain pulses are applied such that the 
ratio of the first sustain pulses to the second sustain pulses 
is 0 : 100. 

20 In switching the delay time and the sustain period, the 

ratio of the sustain pulses before the switching to the 
sustain pulses after the switching is thus gradually changed 
depending on the lighting rate in the same sub-field. 
Accordingly, all the sustain pulses in the same sub-field are 

25 not simultaneously switched. In switching from the first and 
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second discharges at a long time interval to the first and 
second discharges at a short time interval, the luminance is 
continuously changed, thereby making it possible to prevent 
a flicker from being produced. 
5 Fig. 38 is a diagram showing the relationship between 

an efficiency evaluation value and a lighting rate in the 
plasma display device shown in Fig. 36. In the present 
embodiment, the delay time and the sustain period are 
switched depending on the lighting rate for each sub-field 
10 in the above-mentioned manner, as shown in Fig. 38, thereby 
making it possible to improve luminous efficiency 
corresponding to applied power and to reduce power 
consumption . 

Furthermore, in the present embodiment, before and 
15 after switching the delay time and the sustain period, the 
ratio of the sustain pulses before the switching to the 
sustain pulses after the switching is changed depending on 
the lighting rate in the same sub-field, thereby making it 
possible to gradually change the ratio of the different two 
20 types of sustain pulses to continuously change the luminance 
and to switch the delay time and the sustain period without 
giving a visually uncomfortable feeling. 

Although description was made of a case where the 
switching of the delay time and the sustain period is 
25 performed three times, the same effect can be obtained, even 



137 



when the delay time and the sustain period are switched the 
other number of times, by carrying out the same control as 
described above at the time of each switching. 

The control of the number of times of application of 
5 the first and second sustain pulses may be carried out in not 
all sub-fields but the sub-field greatly weighted which 
greatly visually affects the viewer. 

Although in the present embodiment, both the delay time 
and the sustain period are switched, the numbers of times of 
10 application of the first and second sustain pulses may be 
^ controlled when one of the delay time and the sustain period 

is switched. 

Description is now made of a plasma display device 



m 
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according to a ninth embodiment of the present invention. 

15 Fig. 39 is a block diagram showing the configuration of the 
plasma display device according to the ninth embodiment of 
the present invention. 

The plasma display device shown in Fig. 39 is the same 
as the plasma display device shown in Fig. 11 except that an 

20 inductance control circuit 15 for changing the inductance 
values of a scan driver 5b and a sustain driver 6b depending 
on a lighting rate for each sub-field is added. Accordingly, 
the same portions are assigned the same reference numerals 
and hence, only different portions will be described in 

25 detail below. 
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The inductance control circuit 15 shown in Fig. 39 
receives a sub-field lighting rate signal SL outputted from 
a sub-field lighting rate measuring unit 8 and respectively 
outputs inductance control signals LC and LU for controlling 
5 inductance values which contribute to LC resonance depending 
on the lighting rate for each sub-field to the scan driver 
5b and the sustain driver 6b. 

Fig. 40 is a block diagram showing the configuration 
of the inductance control circuit 15 shown in Fig. 39. The 

10 inductance control circuit 15 shown in Fig. 40 comprises a 
lighting rate/inductance LUT 151 and an inductance 
determinator 152. 

The lighting rate/inductance LUT 151 is connected to 
the inductance determinator 152, and stores in a table format 

15 the relationship between a lighting rate and an inductance 
value contributing to LC resonance based on experimental 
data. For example, 0. 36 tt H is stored as an inductance value 
with respect to the lighting rate of 65 to 100 %, and 0.6 U 
H is stored as an inductance value with respect to the 

20 lighting rate of 0 to 65 %. 

The inductance determinator 152 reads out the 
corresponding inductance values from the lighting 
rate/inductance LUT 151 in response to the sub-field lighting 
rate signal SL outputted from the sub-field lighting rate 

25 measuring unit 8 and respectively outputs the read inductance 
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values to the scan driver 5b and the sustain driver 6b as the 
inductance control signals LC and LU. The determination of 
the inductance values is not particularly limited to the 
example in which the relationship between a lighting rate and 
5 an inductance value based on experimental data is stored in 
a table format, as described above. For example, the 
inductance value corresponding to the lighting rate may be 
found from an approximate expression representing the 
relationship between a lighting rate and an inductance value. 

10 By the above-mentioned configuration, the inductance 

control circuit 15 controls the inductance values, 
contributing to LC resonance, of the scan driver 5b and the 
sustain driver 6b depending on the lighting rate measured by 
the sub-field lighting rate measuring unit 8. 

15 The sustain driver 6b shown in Fig. 39 will be described 

in detail. Fig. 41 is a circuit diagram showing the 
configuration of the sustain driver 6 shown in Fig. 39. The 
scan driver 5b in the present embodiment is configured and 
operated similarly to the sustain driver 6b. Accordingly, 

20 the detailed description of the scan driver 5b is omitted, 
and only the sustain driver 6b will be described in detail 
below . 

The sustain driver 6b shown in Fig. 41 is the same as 
the sustain driver 6 shown in Fig. 3 except that the recovery 
25 coil L is changed into a variable inductance VL for changing 
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an inductance value depending on the inductance control 
signal LU. The same portions are assigned the same reference 
numerals and hence, only different points will be described 
in detail below. 
5 The variable inductance VL shown in Fig. 41 is connected 

between a node N2 and a node Nl , and changes an inductance 
value depending on the inductance control signal LU outputted 
from the inductance control circuit 15. 

The present embodiment is the same as the second 

10 embodiment except that the scan driver 5b and the sustain 
driver 6b correspond to a driving circuit, first and second 
driving circuits, and a final driving circuit, the variable 
inductance VL, a recovery capacitor CI, a transistor Q3, and 
a diode Dl correspond to a first driving circuit, the 

15 inductance control circuit 15 corresponds to an inductance 
control circuit, and the variable inductance VL corresponds 
to an inductance circuit and a variable inductance circuit. 

Fig. 42 is a circuit diagram showing the configuration 
of the variable inductance VL shown in Fig. 41. The variable 

20 inductance VL shown in Fig. 42 comprises recovery coils LB 
and LS and a transistor QL. 

The recovery coil LB is connected between the node N2 
and the node Nl , the recovery coil LS and the transistor QL 
are connected in series between the node N2 and the node Nl , 

25 and the recovery coil LB and the recovery coil LS are 
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connected in parallel. An inductance control signal LU is 
inputted to the gate of the transistor QL . 

When the inductance value of the recovery coil LB is 
0.6 ll H , and the inductance value of the recovery coil LS is 
5 0.9 MH f a composite inductance value of the recovery coils 
LB and LS is 0.36 ll H . The relationship between a lighting 
rate and an efficient evaluation value at each delay time in 

a case where the inductance value is 0.6 JlH is as shown in 
Fig. 43. The relationship between a lighting rate and an 
10 efficient evaluation value at each delay time Td in a case 

where the inductance value is 0.3 fiH is as shown in Figs. 
17 and 32 (Fig. 32 shows the relationship in a case where the 
period is changed in a part of the range of the lighting rate 
with respect to the delay time of 350 ns in Fig. 17). 

15 In Fig. 43, a delay time Td indicated by each sign is 

the same as that in Fig. 17. An efficiency evaluation value 
at each delay time Td in each lighting rate uses, in a case 
where the delay time in the corresponding lighting rate is 
0 ns as shown in Fig. 17, that is, in a case where the 

20 inductance value is 0.36 fiH, an efficiency evaluation value 
of the delay time of 0 ns in the corresponding lighting rate 
as a reference value, and is normalized by dividing the 
efficiency evaluation value at each delay time by the 
reference value. It is indicated that the higher the 

25 efficiency evaluation value is, the smaller power 
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consumption becomes . 

Comparison between Fig. 43 and Fig. 17 shows that power 
consumption is further reduced in Fig. 43 where the 
inductance value is large. Consequently, power consumption 
5 can be reduced by not only controlling the delay time Td but 
also changing the inductance value contributing to LC 
resonance as in each of the embodiments. 

Fig. 44 is a diagram showing the relationship between 
an efficiency evaluation value and a lighting rate in a case 

10 where the inductance value is switched from 0.6 UH to 0.36 
when the lighting rate reaches not less than 65 % by the 
inductance control circuit 15 on the basis of the 
relationship between an efficiency evaluation value and a 
lighting rate shown in Fig. 43. 

15 A solid line shown in Fig. 44 indicates the relationship 

between an efficiency evaluation value and a lighting rate 
in a case where power consumption is reduced to its minimum, 
that is, the relationship between an efficiency evaluation 
value and a lighting rate in cases where the delay time Td 

20 is set to 0 ns when the lighting rate is 0 to 25 %, is set 
to 100 ns when the lighting rate is 25 to 45 %, is set to 200 
ns when the lighting rate is 45 to 60 %, and is set to 350 
ns when the lighting rate is 60 to 100 %, and the sustain 
period is set to 6 fi s when the lighting rate is 0 to 80 %, 

25 and is set to 8 Ms when the lighting rate is 80 to 100 % in 



143 



control of the sustain period depending on the lighting rate 
described using Fig. 33. 

Then, a portion indicated by a one-dot and dash line 
shown in Fig. 44 indicates the relationship between a 
5 lighting rate and an efficiency evaluation value in a case 
where the delay time is set to 0 ns with respect to the 
lighting rate of 0 to 30 %, and is set to 200 ns with respect 
ty to the lighting rate of 30 to 65 % after the inductance value 

is set to 0.6 UH. As the control of the inductance value, 
10 the inductance value is set to 0 . 6 JjLH when the lighting rate 
is 0 to 65 %, and is set to 0.36 MH when the lighting rate 
is 65 to 100 %. That is, illustrated is a case where the 
inductance value is decreased when the lighting rate is not 
less than a predetermined value, for example, 65 %. In this 
15 case, the efficiency evaluation value is further increased 
when the lighting rate is in the range of 0 to 65 %, thereby 
making it possible to further reduce power consumption. 

When the lighting rate is 0 to 65 %, therefore, the 
inductance control circuit 15 outputs a low-level signal as 
20 the inductance control signal LU, so that the transistor QL 
is turned off, and only the inductance LB having an inductance 
value of 0.6 contributes to LC resonance. When the 

lighting rate is 65 to 100 %, the inductance control circuit 
15 outputs a high-level signal as the inductance control 
25 signal LU, so that the transistor QL is turned off, and only 
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the composite inductance of the recovery coils LS and LB 

having an inductance value of 0.36 UH contributes to LC 
resonance . 

In the present embodiment, control is thus carried out 
5 such that not only the timing at which the sustain pulses are 
increased again but also the inductance value of LC resonance 
which raises the sustain pulses with the increase in the 
lighting rate is decreased. Accordingly, discharges can be 
induced in a state where power consumption is reduced. 

10 Although in the above-mentioned description, both the timing 
at which the sustain pulse rises again and the inductance 
value are controlled, only the inductance value may be 
controlled to reduce power consumption. 

Fig. 45 is a circuit diagram showing the configuration 

15 of another example of the variable inductance shown in Fig. 
41. The variable inductance shown in Fig. 4 5 comprises 
recovery coils La to Ld and transistors Qa to Qd. 

The recovery coil La and the transistor Qa are connected 
in parallel. Similarly, the recovery coils Lb to Ld and the 

20 transistors Qb to Qd are respectively connected in parallel, 
and the recovery coil and the transistor which are connected 
in parallel are connected in series between a node N2 and a 
node Nl. 

Letting L 0 be the inductance value of the recovery coil 
25 La, the inductance value of the recovery coil Lb is set to 



14 5 



L 0 /2, the inductance value of the recovery coil Lc is set to 
L 0 /4, and the inductance value of the recovery coil Ld is set 
to L 0 /8. In this case, 2 4 inductance values can be set by 
outputting four inductance control signals LU1 to LU4 from 
the inductance control circuit 15 as an inductance control 
signal LU and carrying out on-off control of the transistors 
Qa to Qd. In the case of the example, the inductance value 
is changed more finely depending on the lighting rate, 
thereby making it possible to set the most suitable state of 
LC resonance to further reduce power consumption. 

The number of connections of the recovery coils and the 
transistors is not particularly limited to four, described 
above. It can be changed into various numbers of connections. 
The variable inductance is not particularly limited to that 
in each of the examples. It may have another configuration, 
provided that the inductance value can be varied depending 
on the inductance control signal. 

Although in each of the above-mentioned embodiments, 
description was made of the division into sub-fields by the 
ADS system as an example, the division into sub- fields by an 
address -while-display scheme, for example, may be used, in 
which case the same effect can be obtained by detecting the 
lighting rate of discharge cells which are simultaneously 
turned on. Although in each of the above-mentioned 
embodiments, description was made of a case where power 



consumption is reduced by improving luminous efficiency 
corresponding to applied power, the luminance may be raised 
by improving luminous efficiency, to achieve high luminance 
when light is emitted with the same power consumption without 
lowering applied power. 



